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~/ Between Dzcerbar 1957 and Septerder 1970, 8.2 million cudic yards of
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Co“ps of Engincers involved the use of a buch

It

gation channal to Previdence, Bhcde Isiznd frem 35 to GO feet. The arcas
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radzed inclu
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Yarbor, a series of rzaches extending sbout

5 miles down the Trovidence *River, and 2 2 mile leng approach chennel in

Alihc ugh much of the nmaterial removed from the Harbor consisted of

recently deposited silts of the iype handled by maintenznce dredging, 2

_ e volume of the spoil coasisted of cormpact sands and silis Caposited

o

oforu the ‘estuary wes significantly affected by men's

relatively dense and cchesive material contrasts strong’y witn the fluid

silt-clays deposited by suction dredges in Chasapeake Bay and dascribed by

[0 <

iarr1d01 {1567) and 2riggs (1970).

-
.

-The-spoil was carried to sez in scows of 2,000 and 3,000 cubic yard

apac1;y and discharged within a one square mile dumping arsa, approximately

miles south of Newport, Rhode Island. The depths in this area were

ALY
etween 95 and 206 feet before dumping begah.
. This was the first rime that dredge spoil Iroui Marragznsett Bay had
sen dumped offshors rather then withia tha esfaafy. Rezsons for this
weluded: 1) the large veolune Af spoil, azp f élndue*y 10 million cubic
””s ‘c“ the cex )1 Ged projest; 2) tha knowl

. .
tuaries is often tra

e T aw el
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(A

Baekground inforizaticn shout the ¢

in an initial study of dredge spoil dumsing in Rhole Island Sound (Saila,
L . —-
Polgar and Rogers, 1858). That study provided limited predispesal infor-

of ihe ezrly work sugzzested that winimum damzge to naturel rescurces had

2gce
occurﬁed tp to the end of the project period, when 1.96 nmillicon cubic

yards had heen aumpad.
The present situdy which was carried cut bstween lMarch and Se puetber,

70 was éesl'neﬁ to bring physical observations up to date, to exaumine

-t

& in the first study, and to

£ éredpz speil dumping nobt explors
ral conclusicns sbcut the response of benthic invertebrates to

envirenme ﬂ+hl disturbances. o . ' .

The contracted objactives of this study wera:

1) - to reassess by bathymetry the observed Zistributicn of spoil
naterial ‘after 5.5 million cubic yards had been discharged on the cdump si

- . T e

2) to relate observztions of the spead and directica of bottom currents

.

n the vicinity oF the site to obsnﬂved and potentizl spoil movemsnts;

3) to nake observatichs. on L“e spec1cs composition and abLnd:nce of

-
' -

3

enthic invertebrates on the dump site and surround:ng arezs, to assess

he effects, of the spoil dumping on these aninals, and to predict the nature
& . -

4
f recovery of the arca after dumping ceases.
T . . .

‘
a

a . + B - ¥y - LN [
‘' Te these contracted cbicotives hmVQ Leen added:

. 3 -

1) & bathyretric survey ﬁ‘*e“ 8.2 million cubic yarés had besn dumped,

o



2} en exeninaticn of the sedimznts of the speil and of the dump

3) a.descri "icn of the fisheries iIn the dump site arza.
1pt
Soue information Included in this report was collscted by University
4 . .

f Rhode Islind personnel during 1869. This work was supported by the

arine Experiment Station of the University of Rhole Island as pa“t of a -
s . .
ontinuing program of studies on marine resource utilization,

Future decisions on the use of the continental shelves for mining and

umping will require integrated studies dealing with benthic ecology, )
edirentary geology, end hydrcgrephy. THls study is an exawple of such a
rogrém on & limited scale. . o
unary
. . - . - - . ——— .
I. Disposition of spoil on the dump site - The dispesition of spoil

LI .
.

a2s deternined by two bathymetric survoys and two series of sediment samples.

hese deue minations were checked by sub-bottem profiles and by diver
- * »
bservations. The followin% results and conclusicns weres raported. - o
1) Within the limiis of ¢ : e precisicn of thg bat hvxa““*c GL“vejs;.the .
. ' vQlume of dredge é?oil_én +he disposzl drea wes the same és that %f
reported dumpad. No larvgze scale loss had taken pl during or b
— after thn dumping operation. ) . '

*
. - . s . . - - . :_
2} A layer of ineshesive silt-clzy covered such of tha durp during

L . .
2 h ] - 4 * J.. A

the summer of 1970, indicating a ncn-eroaive hydregraphic regihre ;
e 7 .,'wf',’._'??:?'.‘?.‘:'."" ] il :ﬂ\ﬂt\;ﬂd 3
~ : ST e eada SR e R R R TR TRy TR et g g g oy s Ay ey b
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found in

. 2)

coracr of the dispesal area. The spoil extendzd frcw 1/% to 1/2

R LY

mile outside the dasignated disposal aree to the IV and SY. —
; ’ .
Spoil from Providencs Harber centaining a high percent organic raltor
was deposited during the early part of this project. This has been
covercd by less organic spoil from the lower rrovidence River excopt
ou;sxde the dumping avea to the U aad inside the durping arza along
the NE edge. b ;
Putches of spoil were found as wuch zs 2 mile cutside the dunp site .-
toward the HY and SW. | . :
Sediments of the dredging and disposal areas - The scéimant types
the Providence River, in Rhode Island Sound, ané in the duiped
.8poil were described.on the basis of pudblished in*o rmation and the analysis ,
of a small number of representative samples. The following results and
ns were reported. T ' -~
,The-scdimcnts in the dump site area were well sorted {ins sands.
They were yellow or olive colored anid contained zbout 1% corganic
- : . . .
matter. . . -
The dredge spoil includad sediments which had been deposited in .
' - S . L] |
various environments within the present estuery and under various
post—&la01al eﬂflr:nMﬂnus.- These sediments 1ﬂclLdﬁd pollL éd —_—

&

silts containing up to 12% organic matter, unpolluted estuarine
, .

811ty sands with shells and padtlas, and varved sands and elays

depesited in glacial outuash, .

e
AT
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ITY.

steristi

sorting and the prosence of the shells of estuaring wmollusks were
more relisble indlcaters. i Clay, psbbles, plant detritus, oil

gloo*lﬂs, and grey or black color were also used to identify spoll.

—
’ - ~ - ~

Scit szlt/c1 mantling the spoil surface appeared to Le much less

resistant to ercsion than the sand ocutside the dumping arsa. Denser

mixed sand/silt /Clcj agpsared to be relativaly erosion resistant.
Coarse'fractions wers found in most the spoil samples which could
form protective laz dspesits after scme ercosiocn has taken place.

Characteristics of the physical enviroument - The physical char-

¢s of the durp site envircnmont wers -deseribed on the basis of:

irrent m2asurenents. near the dump site during periods of high t ical velocity,
18 3) review of regional wave daLa drd pradicted wave induced velocities

t 100 fool depths. ;bc DFObEb‘Jliy of erosicn aad transvportation of spoil

ag exami

.

ned on the basis of experimental results iIn the literature and of

e scd mentary characteristics of the spoil. The follcuing results and
7nc1usion were reported: . . . .

1)

. . - R

LCurrents in the cump gite region were dominated by the senidiumal

tide. Instantazncous bottom currents varely exceeded 0.2 knets,

-

. . - . * = . - . . .
whereas the net tidsl transport velozity was no grezter than 0.1
- 3
. k."lOtS + ) . R ’ ‘
LR % . . * - .
.& . B -
2} Currefits alone were not effective in rasuspending sediments. -4+

Waves in the zrca could Cdaveled botton velocities sufficient for

- -

o

.
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1)

- 5)
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raterials oppavently resulted in zn erosion resistant disposition, 7
The dumpzd materdal could not be considered uaconsolidated, and
seretical predicticons hased on the behavior of uncensolidated -
H oL .
sediments wera not asplicadle.

It was conecluded that beaches In the ragion shouldd remaln free of

dradge spoil traces from the dumd site. .
+ -
Review of scme direct effccts of spoil dumping on marine eninals -

Possible effccts of spoil dumping were examined on the basis of published

inforiration and a single burial experiment. An attempt was nmade to idantify

those ¢

rant,

i

The follouing

1)

2)

-

'3)

Cipry
ot e -

- short periods. It is doubtful that any noﬂtali*y has resulted -

flects which weuld be significant in the Rhode Island Sound environ-

Burial - A few benthic species are @ble to reach the surface alter

deep burial (over 20 cm), Althouzh some offshore mollusks may

have liimited mobility compared to analg; ous estmarine species,

most benthic species dround the dump site can probably reach the %«

smrface after shallow burial. : -

-

.

Turbidity ~ Hany marine enimals 1nclhdi g fish species and lobsiers

can withstand very high concentra?ions ol suspended sediment for

~ from turbidity In'the dump site area. The effect of turbidity

on the feeding efFici ncy of filter feeders cma cn the behavior

*
qf fish is not knom. . .
‘l- . . - .
Enoxia > Altheugh lack of exygsn in spoil sediments may restrict J—
r . .
sc colonization of infzuna, the overlylng watsr prodbably never

becomes anoxic.

[
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v.

R

nost of the euposad $peil cencsists of sedimants with low hycro-
carbon coutent. It is possible, hewever, that somz spoil has

- .
4

hydrocarbon levels hizh enough to affect the chemical scnses of

Heavy metals - Toxic wsztals are probably present in some Providence .-
Harbor sedizents. The levels of these metals in the surface sedi-
rents of the spoil dump are not known, although it is likely that

little mztal containirg spo

i

1 is exgposed. Detritus feeding infauna

@nd thair predalors would be mest Ii <ely to concentrate such ngtals.

. - e

Change in grein size distribution - It is difficult to pre he

effect of a change in grein size distribution oa the make~up of

the benthic coﬁmunity at this location. Hydrographic conditions,

vhich v111 remain unchanged, may cont=nuo to dat ermwne the species

found. . - - B R

The effects of spoil dumping cn the benthic ferna of Rhode Island

.8Souné - Macrobenthic invcrtebrate asserdblages were exam ined in the spoil

source arca gnd in undistursed areas of Rkode Tsland Suund. Analysis was

L] oy 2 -
based on a limited numbar of quantltative 1/10 1" bottem samples. Quali-

- *

tative grzb samples sefved 2s a check on the repr=sentativeness of the 1/10

2
W samples

. =

A similarity index was used to campare. samles. TFaunal diver-

sity index values wére calculatzd and their usefulness as indicators of

*

~vironmental distwbhance eramined. The following reswlis and conc lusicns

were rubor;cl
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Over thirty benthic species were found in the lewer Providence

- erustacean. Dense mats of Ampelisez tubes deteriined sediment

'species were recognized as being members of the offshore silt

2 5 £ . ezt e el
& snall nuniop of polluticn resisisnt bent

r - (Y » a . - L I

in Providence Harher, Althouph low oxygin szencd 1o L2 the mejor
. !
. S avs

strass, toxic substances are probohly also prasent in this area,

. -

River. These indicated 2 reslatively lew level of polluticn in

-~

N
that part of the spoil source arvoa.

Several species wzre found on ths spoil dump which had bean
: " . . ) -

-

“transported from the dredge avea. The only ebundant iransperted |

specics which sesmed well adapied for Rhode Island Sound conditicns

The natural faunal assemdlage on sandy sedinents in the spoil duirp
arca was doninated by Asvelisca agassizi, a tube building amphized

g

-

quality and provided a habitat occusied by sublowinant species.

¥uch of the spoil wss recontly dumped and had few aaimals on it.

— . s .

chcvér, son2 SUPfaCCS which hed been expozed to colonizaticn for

between cne and three years yleWCed large nunbers of species (up i’

- to 53 p 3 l/lO n2 szmplel. Tng presence of these. animals indicated

-

that these spoil surfaces lached gross toxic or repellent properties.

~

Although the spoil was generzlly silty, only a few .colonizing

d
n

~

~ botton csse"blpcn Lack of information on_the presence of the

larvae of these specizs in the ‘overlying water, made it difficult
- . .'b 3

to.aseribe this absence to szdicment preperties, howrever.

- Most of the species colonizing the spoil were menbers of the

surrdunding sand botton assermblegai  Several species of deposit
. . -/
: ’
£ S g s ey oy - - Av s A=, - +. .
feeding polychzetes and an a pcd crystacesn, Leptocheirus

e et i

S — | .



i~ 3 R P P S - ), : a- R T
DINSLLG, VL2 COUDC 1N ghQUel aouadsncd o Vi spolld ihan In thelw
* -

. PO TR PRS- P

-~ natuoecal habitat,

= .

. 3 F ceagainl was Tound soma suntl avens indleztinz that coloniza

e COABEITL WAS JOUNG On SONS 3ULTALL @WUnS INCLCAVANG Wit COLChlia-

~ — Sl s " ]

. ing erea. It was not pcasible to estimate the Uime hulch would be
A necessary ror the establishment of chié dcminance;

9) Al%houvh the fa al ass=“31°~°' sampled in this study had charac-

teristic diversity index valuss, theose csuld not be sisply. inter-

preted.  Scme spoil sauples had relatively hizh velues indicating

little disturbanc le the natural A, egassizi zsserblage had
. extrem:ly low values.

- 10) Several .of the species vhich were zbundant on the coleonized spoil

?‘.;},*‘ ) .

hd ~ have boen reported to be used zs food by cozmercially ilupovtant
fish. »

.. !

- . VI, Fisheries resources in thae dump site area - Interviews with comner-

cial fishermen fren Mewport, Rhode Island were used to éetermina the types

of fisheries in the dump site area and the extent to which each was affected

by the soowl dumping. Surmaries of information on the three major fisheries

- ~,
P P . . -

follow: . h

.

1) - Trawling for fin fish is carried on E and ST of the duwp site
during winter and spring and I and UE of the dump site during

=] -

surmmer and fall. The @inter fishery for cod end Flounder was

= . succgssful in 19700 The swimer fishery Ffor butterfish and scup
™ . . has becn rplatively unsuccessful for severa} years. It is believad
! - - £
~, that this was c¢ue to natural veriotione. in chundance. The major
. » N
. * !
- <
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Recotmendstions

3) The dum

-

“entered th2 spoll area during normal wovenents. Lobstering

.

surmer. Hest lebstermin avoided trepping near the dump s

fear of low or poliunted catches, burial of treps, and loss

-l

buoys. Oné¢ fisherazn, hcowsvar, nade good cat

of the duip site during 1370. It is believed

the 'spoil after duipirg ceases.

[HY]

D 3ite is located near

oczan quzhegs which ware not being utilized

began. During 1670 thase were dredged from

.

ar

ches cn the pe

-
oxsters
Z was
da On
=
. - :‘_

. of the dump site. Animals which had been killed by burial were

[y

recovered from the inshore edge of the duap site and from a loca-

tion on which spoil was dunpad before the present dump

future use of this site for dispesal of spoil which is accaptzble on the

I.

Pump site manzgemant -~ The following vecomnen

basis of eeccdlogical and-public health standards. .

>

was approved.

..
-
-

dations are mads for

record of ezcth trip would prove that the dun

since the profile the present speil wmeound is

D LR P UUR PR W m—— ot St At A I E e aa hed 1t e Bee e b e e p

D Ll
—ng FaETh
£
. N
site n2

o A
fotstinir i
d ke

fugd,

-

+



2)  Syoll shounld be dumrad tin tho contar end
5 &, - - - - .___‘_‘ .
the site in orded o coved welatively organic spoil and to praovent
. T ke digs 3 n o 3 - Fagire A
fuether trensgressicon outside the site to the § and W,

3} Drads

- in a pattern which Duries polluted or very incchesive materials.

r .
) Dredging end dumning techniques ghould be usad which deliver

) 5) Lgrgc volwras of Incohesive fine grained sediments should not be

cuiped at the site until the pessibility of ercdion and irensport

..;.-j. - 'fr'*ﬁ

by wave induced bottom curpents has been inveétigated Furthér. ’5
6) Future suTveys oflﬁha'duﬁp site should includs an area at least
- 172 wmile cutside the designated ar:;. Improved navigation and
profiling systems should be utilized in volune :easu;cneﬁts. ]
"Spoil should be ide ntifi éd cn the 5h51§ of poor sorting .the
. 'presenca of shells of estuarine ﬁollusks, high percent volatile
C matefial, and hi?h fercent silt-clay. f;' e . ;‘

-«

" 7} . A& perwanent record should be kept of the voluma, sediment proper-

eyt
.

ties, and placerent of all spoil duinped on this site. oL .

‘ - i . - * : N
II. Geoloziczl research - Stu ies in the following arsas would provide
(=2 -

information of walue in. planning u

tilization of the continsntal shelves for
) . N
‘mining and czble laying as well as for disposal of various meaterials,
1) Laborbuo*? anéd field studics should ke cerried out on the velocities

necessax “y to erode spoil sedinents both with and without populzticns

+

(¥

of tube building animzls. ' . .

T et Lt TP EUISTR NG IV



d.d. PR, . 2 . A . N 4%, PR S - | 4.
23 u,_k—bach weve Induced veloeities zhould bo ponitorad ¢n v

o .

. prezent site and on progesed altornuve sites. Repid rosponse

¥ .?. g we ) L - «+13 " . “-.' :
solid state velocity secnsors would bz neoczssary for such studies, .

3) Tha suspeasion of sedimants {rom the botten during storss should

- . (3]

- - “ L3 T . kS »
be studied., The mauimua density and time course of seitling

should be ceseribed over various natural and spoll covered bottoms.
: : _ ' _ )
’ 4) Su:;QCﬁ sed fiment paranaters on the present dump site should be’
L

menitored for S“V&“al years in oplsp.to detest loss of fine fracticons

%o the spoil cxtendinc ourside the desigm ' cd area should be
determined., The presence of horizental structures and graded beds ” )
will reliedly indicate this typ2 of deposition. .
i oo R -—_,.. .
IIT. B‘OlO"lCéT co:‘i eratioﬁs and rescg;ch .o - :
- ’ l) Dus mpiné cf spoii-*ram un?ollﬁtcd arzaos shauid be zllowed oﬁ tha

. . . R |

"1 present disposzl site, With accurate Cumping no arveas cutside the

g

o dc51cngted zone should be affected. Colonization of the spoil by
. benthic organisms should bagin soon after dumping ceases.

2} No spoil frcm polluted,zreas should be dumped on this site until -~

- - -

: more information is available on the pos ibility of tha transfer of
- ™\, .

toxic ‘substences and pathoze ic mlchG“sanlSES from spoil to species

: gafen by man. ' L -

- . . . b . N ] . -
. - »
, 3) fny ocezn. sites shoulé he closed to fishing while spoil from pollute
- : . : o i
source areas is being duzped. Such sites shoeld not be reodened to
- ‘ - . - i
fishing® until a co omplete chack has been madle cf pessible health hazands.
o .
Yo B) A progrza should be initiaved which will consider the possibilities
r [



g‘ of trunsior of toxic sibstancas from zpoll curpsd &0 se2a to
S
./ hunen foc The prosent dwip site cculd be used as en ewparimental
e
‘-—-—-"/
. - {
area ond nodel for such a pro 1-{ Arzas of concern would inclucde: .
!
a) toxic motals present ih the sedinents of the spoll source zrea ..
- N “’,_'/
e

-b) toxic metals present in selacted aninals from the dump site,
. including datritus feeding rolychastes, predators, @nd spzcies’”

spoil to erosicn, @2d the depth of

The lOﬂgbVl y of. img gortvant pathogens in sezwater and the biochamical

stability qf crganic pollutznts are additicnal areas of concern.
L . . ) - - - ' i
f~j '5) The coloniz atioh of the spoil on the present site should be monitors

fdr several years, When t{his s+udy “as conducted, the spoil surface

- . was physically unstable and colonization hzd caly begun on the edges

£y

of the site. The chavacteristies of the sedinent and the specific

-

maXeup and productive capaci j of the fzuna will continue to change

for scveral years, Continuing studles will benefit from the tanosi-

‘\
*

- omic work of Lne pr;sen. study.

6) Lubo“aioﬂy stu ies‘should be mzde on the effect of burial and.-high
* L

-
.. >

. turbidity on selected off fshore benthic species. ’
C * C
- - -

1V. Alterpate disposal sites : .

-
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Thowrs 15 arsh avallabhls within the gite for o large volwae of adlitional
‘ -
s

wpolluted naterial is preferable to the esiszbliishmant of a new site in
near-shors waters, L ' . ) L&k&nfv
Al{gcrnate sites should be cinsidered, however, in the event that U

presont site is judged as uvnsuitable for the disposal of polluted spoil or

of lerge volumas of incchesive fing grained spoil, R

' s : ‘ T
The area vhich Zzpzars rost sulitazble for the location of a permanent \

disposal site for Rhods Island and scuthern Massachusetis is approwinztely - |

50 miles fron the mouth of Nerreg
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dlen} Fistory, Houvsver, cutside this area fish abundznce lecreases markedly,
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During 1€62 no catches of bottom fish were reported fron within 10 wiles

of the suzgested altevnate dump site locatica by boats based in Point Judith,

Rhode Island (National Merine Fisheries Service, 1970}, The oifshors lobster

fishedy is concentrated o tha continantal shelf edge which is about 85

miles from this location. A developing occan quahog fishery is located in-

shore of this area. A
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i If it is considevad technically oy econanmicezlly IToasinls Lo dunp in
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benthic ecolozy, and fisheries potential of tha avza could be carciad out
: S

cn the basis of aveilsble in

decision to be wnade on the suifadbility of the location and would sevve as

- -
.

fe fam £ £ - & - ’ *
a basis for future field surveys, . :
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gsurensnt over the one squarz mile cumping

a2 voluze of 1.3 niilion eudbie yards. Although it

was possible to datermine depths with the rzguired przeision with the sonic

difficult by prcblens in navigaiicn and by rough seas.

None of the navigation tschnigues used during this study vwere
conpletely satisfactory. Doudla sextant angles to shore points gave
P .

v 4isTactory accuragy, but required a large suwuay tean znd a visibility

miles. Loran did nct have the prscisien reguired
‘for this type of survey. Radar navigatica with the du*p site markxer
bouys as targets cculd only be used during periods without wind or strong
ti&al currents which would cause the sdrvey‘vessel to meke leeway.
Another problem which was met in preparing bathymetric ﬁaps was 2

difficuity-iﬁ separating waves &nd bottcﬁ features on the depth records.
On rough days these had nearly the same amplitude.and wavelength. i

" *The original botton in ths gcnerﬂl regicn of the dump site slope

* .
toward the SY (Fig. 2). Withi the-disposal zrea a four foot high ridge

strikes SE-N¥ across this sloze (Fig. 3-1). -Alarge frnc ion of the

:>spoil was doposited on the S¥ sile of this ridge (Fig. ¢-3, 10-2). Low
) . S .
"“ses 1-2 fest high and apprexinately 1/2 mile wide ars found throughout
M . . . - .
[
i 2 B T o T
- % L
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. of the dumping zcne Septomber, 197

. . -

Location map of the spoil dunp area. The one 'sguare
designated cuiping zene is outlined. Depth contours
derived from C. & G. 8. Rathymeivic Map 0£92811-5L and

<
N

o ;
. . . o e e
for single grabs (circlas) and for triplicate 1/1CH
grabs (trianglas). . '

REAE- -1

Sample locotien



‘he erea. Volune chanpes wers calenlated b subbracilng the depihs obiained
?‘._‘ -
e o opariod of dumping fron ihoze derevaingd pofore dusning bogen., Thhe
. .
mecise registration of these kmaps was-of considapebls concarn sinca large -
spparent volume chenzes would result 1f the maps rovresanted different
apeas of the sleoping Sotten. .
Figures 3- 1 2nd 3-2 (from Saila, Polgzr @nd Pogers, 1968) show the
depth contours from surveys ﬁ:"i:. sravicus to durning end in July, 1958 alter
wined, Figure B shows the contours of
(isopzchs) obizined by the subiraction
e spoil was distributed In 2 cone centered in the
tern probably resulted from dusplng near
hat time, MWuch of ihe materizl shoun cn this -

erosion.

b

Figura's shows the

Utll)ZlW’ tﬁe Prnj Corfs of Zn

of the- epth records From thi

-

waves superimposed on

Fig. 5. Spoil volume
million cubic.yards. The vol

million cubic yards.

-

s

tha bot*ﬁﬂ

15

It

™
Y

zineers 105' tug, the Hancmet. The

was Ciminished by four foot

survey
trace. The isopach map_is s%own
from this map ga@g
-2 raported Eumped

%

d

nct

quality

high

. Fzgure 7 shows the de: h contours obtained on Senuemaer 28, 1870
utiliziqg;the R/V La Niﬁag éﬂga fob; trawler bperated by the University of
%§hqde Island..‘C%lm_seas aarm:tted urusually gooé ragolution o? Scttcm
\Tf"tures. The isopa.h ﬁap for this date is shewn in Fig. .8, Calculated
volume was 8.3 millicn cubic vards waile it was esvirated that 8.2 mill
" eubic yards had been dum;ad-at!that time, )
e 7 - -
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Fig. 3-1. Contourzd bathywmetry of the dusp site previous to dumping. The
contour interval is 1 foot. (From Saila, Polgar and Rozgers, 1968).

"~ Fig. 3-2. Contourcd hathy
. C 3

yaelery of the dunny site froa a survey made In July
21868 after 1.365,000 cudic yards had bsen cdunped. Conteour
interval is 1 foot. (Freom Saila, Polgar and Rogjars, 1858).
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4. Isopzch map of dunp site representing the differenc
prior to dumping and after 1.$50,000 cubic yards he
* The contcur interval is 1 -foot.

Polgar znd Rogers, 1538).
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Fig. 7. Contourad bathywelry of.the dump site from a smevey made September
25, 1270 a2fter 8,200,000 cubic yards had bsen dymped. The contour
interval is 1 fcot. - - B : -
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Lt o | o e

ite representing the difference betwesn the
depths prior to Jumping and after 8,200,000 cudic yerds had been
dumped. Calculatzgd s;b:..’-..volu':ze is €,300,000 aBic ygrds. The
contour interval is 1 Foot. ‘
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catonding slightly outside the des i"“atad cunping grca to the N and SH.
This patiern vreflects unloading of barges closa to the wast covnor following :

2 vy

: Y _ ‘
the placaitent of the bouys presently marxing the 8 end ¥ corners. Areas

[ h

& iittle zdde

pl

(

on the li, KE, and Z edges of.tha durp site had raceliv:

Estinates were made of the characteristic slopes of the spoil fron

examination of the September, 1270 depth records, three of which are show
in Figs. 9-1, 9-2, and 9-3. 8mall relatively steep mounds with slcpes
of approxirmately 2° 20" are beliecved to represznt single barge loads

of dense spoil frem recent dredzing

across end 3 feet high. A large scale feature of the spoil Mpile" is a

u.uatr al cornz with 2 19 slepe. This "engle of repose” results from

k_ - . . . cor 43

combinad effects of dumping pattern, impact of the spoil with the botten,

grav1uf _“c" of fluid sediments, slumping of ccmpzct sediments, and '

erosion and transport by waves and tides. Slo;es less than 1° are found

LAl

around the porineter of the s

te. These way be ceonstructed of sﬁspended
sedimsnts which have flowed to the base of *he cone. Cores I 'tbgse arcas
would bg-e <pected to show ne a“l horizontal gtraté and
'Tge tech ﬁ'qu; used in Pavpfﬁc spoil thickness in this.study required
éééurately positioned bathymetric surveys both be;ove eng after dumping.

1 in areas where

[Py

n alternats method would be nicessawy in mapping spo

10 previcus survey had bzen mzde. It was considered vo“tduhile to

2

wemine the utility of high resolution near sub-bottom profiling in

Y 7 1 ’

_aning simultsnecus iraces of the spoll 'surface and the originad botten,
“  The Ocean Systems group of the Reythecn Submarine fignal Divisien
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;>f4*T037i? sroviied tozw vuns over the lod) o ﬁ;_t:;ir rozantly

developad CES? sycien. This systen uvses a wide bandwidih longz duration

signal which is storsd as a rzferance renlica and covrelated with the
X

returaning echo frem the sub-hoiten layers. )

Figures 10-1 and 10-2 show photozrashically radused recovds
obtained using a 1¥H_ navrcs bgmn {ﬂazsﬂtcer end 2.5 Kﬁ wicde beax
transducer, Téesc sectiOﬁs'duplicate the Sotioﬂ profiles shewn in Figs.
g-2 and 8-3. A)though {he trece of high wa:es‘obscupzd these records
5013wﬁat,'tuey Wora ugéfil in datermnining the exact pesition of tha

poil on the slepe of a ridge which runs through the dumping area.

Althougn

%2 thinnest ]d"“IS t could be seen in the test rzcords were between
~oand B feet thick. This resolution would not be sufficilent for wzpping
spoil which hasspread in very +thin layers. Cores would be necessary in

such an araa.

It vas COagludad tha sub- bottow prof

adéition to the prese

P - e
nt te 1 oY mARping

Surface distribution of

spoil

~The surface di tribution of spoil was map

c&llected'durino the summers of 1889 and 1870.

In August, 1969 41 short cores were collected by Univer

¥sland personnel. Visual descriptions of

-

and chemical znalyses ere 51V61 in Tebles 1 2

Symbols on the map identi;y
R ) *
? 2ldzd visually vecozmizable spoll meterials.,
S

£iling could bz a valuable

2d fromn bottom semples

.

sity of Rhode

d 2. The sampling array is

the cores =zaé data from machanical
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Grab samples from the Quwp site and its vicinity taken July-
Septenmber,1970, Sample nunbers are showa in Lfigure 2., -

Samples with characteristics of spoil
' (D Samples with spoil. overlying or mixed with oxiginal sediments

L

O Samples of undisturbed original sediments
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1 y - - .y . s s he
ALY the spoil was nadh 4D of & roof wnterials,

X conll zrenle PR NONEE I A LA U S-S SUNNIO S AU

-1/4.‘.-. e convnunoa LE RN PPt e il O B R ERE AN A= CLCADE 2a
,__\__/

-2 P P T LIRS -t I SO s X 3 S A
organic watier than did the sandy sedinsnts in ¢ha disvoszal aved. &

z i B

computer ieu“nLQM., Seseribed in dstail in hopendin T, wes uszd to
contcur'The parcont silt-clay ené the tercant carbon From thase samples.
. & .

Least squave surfzces wers Titied to the data_points. These beceame
incrcasé,g1: corpler as ths éegreé of the trend surface eguations was
increased frow .l to 6. Tebles 3 znd zive the equaticns and evror
measures for these surfaces. l
ful in £his application Ledaura they f£it each variatien within the spoil
deposit, obscuying the gemeral pattern of spoil distribution. The third”’

decree surfaces (Figs. 12-1 &nd 12-2) illustrate this patiern more clzarly.

_ b
. | - _‘ _ o p

clzy and carbon

tside to {he S¥ in the

case of silt/clay znd %W in the case of carben. i
i * . ! ) . - °
During June-October, 1970 a serdes of Petersen gred samples were
- taken from the R/V La Mina. Hest of the samples were ieken cutside the “

designated dumping area (Fig., 13), Consicderatle small scale heterogeneity

in sediment types was encountered. Inside the dumping area the spoil

-

'-materlals varled, while outside at patches of spoil were found on the
original sandy bottom. The perimeter of the area affected by the prisence
. * . N \.‘ °

of gross quantities of spoll included 3 to I square niles. &1though

there was much cleen bottom within this perimeter, wes zlso a

- . -

. . X . .
probablll*" of finding draﬂg spoil there. .
. The visual descriptions of these grabs ave given in Table 5. The
: = ' .
T characteristic sediment type In the centeor of dumping activity was
.— -
dense gray saud/silt/clay.  This sediment contrasted strdngly with the
3 .

A e bt sy

R BT T e s e e




U pluck pelluiad materlials deseriied by Snila, Felgar and Togers (1253)
: .
wa—indteated he prograss of the dr:izing cperaticn Frun Providencs
* ooy crgadde Yo - LR : - crvmen myn oS
4rb0h to upper larvezgansett Bay. Samplsos thken in the late summer of

970 showed a distinct grey silt/clay leyer 1-2 cm. thick montling
* . ‘
pile" and the originzl botton § and ¥ of the disposal

rea. A very larz2 punb ey Of samples would ba reguirsd to complete a

33 Yty

ap of the spcil deposit since the basic sedincntary units are pziches not

ore than a fow hundrzd feet in dianeten.

dver exznination of ths dumn site

In Cctober, 1970 SCUBA divers nade divect observations of topogrephie

tumping. It was felt that these were nocessary to properly interpret

—

~$ﬂﬂyﬁ—LP_c racords znd grad saiples frem the krca.  An attenpt to nake
;uch observations by subirarine photegraphy during 1968 had feiled,

-

>robab¢y bﬂCguse of turdidity caused by contact of the eguipment with the
rattom. o - RIS ' -

" The dive was made during calm weather at a time hen CL%reﬁt velocity

:&s barely parceptzble at the surface. The surface water th thn expecied
1gh clarity of Rhede Island Sound water in avtum. The water a few feet

From the bottom contained some suspended mzterial but still appeared less

turbid than Xarragansett Bay water at any time of thes year. Enough gresn

-
- -

light. penetrated to enzble the divers to see the general tcoocr :ohy.

3

-

The bottom was covered with-a smooth layer of homs genaous grey silt.

contact with this sedimsnt geneprated dense clolds severel feet high. The

1t was soft and incchesive encugh to allew a hend to e passsd through

M - P - . PR
PHESTASTE ER T D LE Y e s impn e ey




S 3 da .- 303 - 1 Y. 3 - . . o
coarse suna in It was detected bongath this layer, 4 short cone was
£
{ Jq C O ) - . - FAE | = 4 - .k PR R
co en o which inlionizd that the.surfpos leyor was ghout 2 oo Rl
bl -
- - NP TR, .t ot LI, TR, Dy, S N
Luwnps of clzy, marsh peat, and clinkex a&sh 10-20 e high proirueded Ironl
! 9 14 T 1 - 24 -
the swooth bottom. The only "rubbish' sscn was a shee sole. lHost of -

the bottom scered herizental té the divers except for one slope of about

5°. The extent of this slepe was not destzcizble.

A single Fish was saen, probably a sculpin (Myciodsshalus sps.) :
Adults of iwo ‘spzcies of crabs (Cancer irvomatuvs and Caneer bereoalis)

were collected ond an Awmerican lobster (FEomerus americanus) was ssen on
the SQ@iﬂ“Wg surfaca. A snzll) uvaldentified crustacean was cbserved

zneter hole and swicning azcross the surface. The bottom

o -

[« N
joe
p

leaving a 3 mn
was ravked by‘ distinctive straight irails made by lobsters end crabs.
The botion. showed little evidance of wave or curraat activity.

@iﬁpple_mérks were seen in only cne arca. Tbrse had a-wavelengih of about

-10 cm and were of very low ewplitude., They seema2d to be made visible

by sorting of light znd dark colored sediment particies. o :

These obser""iio ns wersz extremely valusble in viswalizing the active

0‘-‘!

-

dumping area, In the future dlvero st culo ~nhuﬁn to this area to assess

[d]

the effects of winter stora waves on the surface selirents. Dives

P
. . . . .

‘should aiso be madz on the edges of the dump site whers animzl colomization

.

Ny

has begun. _ _ .
Conclusicns : ' . ' o T _ i
. . - . - LI . [ ] *
Within the limits of the D“aClSlGn of ths ba‘bv:etric surveys the
' -

volumz of spoil on the d15pesal area was the same as that reporied dumpad.
. v . . :
™o larze scale ‘loss had taken place during or after the dumping cperation.

—_— ' . . . . - .
«nhe prasence of & layer of incohesive silt/cley on the spoil surfece during
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‘e sedimotls encounterad
a basis for: 1) distinguishing spol

tilons of fhods Islend Sound; gﬁd 3) studying aninmal-sediuant relation-
ships.’ ’

. | .

Selected szdiments ware enalyzed using & coubhinztion n;cv"";tvr &nd

, 1858). Materiel vemaining in suspencsion in the
hydronater scttling tule alfter 50 ninutss was reported &s clay. Sievas

at 2 1/2 ¢ interval were vsed. Percent frequency and cumulative percent

freguency of the weight of size fractions wers graphed. Nedian grain i
size and the gecrmetric sorting ceefficient, So, wera derived from these

~eraphs. | So, a measure of smroad avsund the mean, varies fron 1.18 - .25

-

> -
“ror well sorted beach sands to #.75 fov vnsortad glacizl till (Xwumhein

end Sloss, 1263). The percent loss c¢n combustion was wvsed zs en indication:
of the amount of organic matter in the sedinents. Three subsanmples were . '

drlcd at B0° C and combusted for three hours &t 575° C. The weight losses

-/

of the -subsamples in all cases vere within 1% of each other.

&

Sedimants cf the dredoed zrea:

- . s ¥ . . - ) [ l - -

in Providence Harbor, the Providence Rivar, and upper Tzrragansett Bay as

well &s those which were depcsited Lvde“ various sedimentary reglmes following
- - L

the last ice advance. - a . ’

Providence Herbor is an ereaz of active sedimentation. Between 1645
= ~ .

%nd 1255, 1,100,000 cubic vards rcré raemoved fren the Rarbor to maintain

@
-

- k] . -~ s ~ o= -~ = -
~23ign conth (U.€. Aramy Ceorps of Taglincers, 1953).  Tilis was LE% of the
‘ . .
P v 1 - : - LS - S .
total amount @rcdged from the ship channel in that interval. 7This sediment
T e i gt e A s oo i i e+ e R

.
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booeguld have hal oo ovorlots of zamzas, :
N . :
S . . . . . . -

. Clays entering in river water would floceulate irpecdiately at the
reported szlinities of 10-27 ofoo at the subface and 27-30 ofco et the
bottom (Hicks, 183%). These. sediments, however, show a paucity of clay.
size particles. Suspensions in both aguzria znd scitling tubes becams
clear in about S0 minutes. Microscspic exanination of the sand size

- - -
. ,
particles from shallew sanples (map, Fig, 15) revealed that most wore .
worm fecal pallets, 0.25 wm by 0.12 wm.  These ylelded very fine panticles

.

worns that nmat the bo

when disegpregated with hydvogsn peroxide. The tlow
s - N n- . ot e “ . .
with densities of 100,000/5" ingest the fine surfacs ssdiments and produce
sand size particles of low demsity. It was not possible to deternine
the depth to which these pellets remained azgregated, but lHoore (¥955)
_ﬁriates that they nmey remain cemplete for up to L0O years,
TR .

G -

ks 'j‘he UcSo

Arcy Engineer ©

ment trapsport in the Trovidence River {U.S. Army Corps of Enginzers,
1859). Easily transported materials initially distridbuted throvghout

- the channel accumulatad in the Harbor indicating

hat fine materials from

“down strezm are probably an important source of sediments in the Harbor.

Sources of particles w

ith high crganic centent inclu

.

de the highly polluted

Blackstoune River entering.at the head of the estuary, the Pawtuxet River

-entering opposite

Point and in Fast Providence.

The harbor szdiments examined

- -

and vers

anaerobic below the upper
™, : ‘

Sabin Point, and the seuz

=

zZe treaiment plants &t Flelds

. 3 .

e combustion of 10-12%

illimeter. Silica frustules of diatoms

1d much slant detritus wers found praserved in thzse sadimonts. Petro-
— * " '_ -
L.. .
leur was prasent in these samplas but ¢id not effect the sedimsnt texture.
“The highest valuZs for hexane exntractadble maté¥Iizl given by Saila, Polgar,
- - 3 oo A N e e s .
& mers (19868) of around 0.8% of dry welghi wers presemedbly frem hardor

o by

L3
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/5nd natursl sourgss o3 well as hylrocarbons

The surface sadinents from {ha channal of the

betueen the harbor and upper Ngrrogansett Eay have been. generelly classified
as orgeénic silt (Herd, 1870), lcMaster and Clarke (1855) raported that

veried frcm'euﬁ in shoalin

erosion pradeninated. 4 high propsortion of woed, leaves, and seeds were
AR

These contributed to the 4-5% loss on cosbusticn of these samples. Surface

sediments were characterized Ly the shells of a very sbundant bivalve,
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r populatiens whick have beem eliminated by

'

Stations at PS 1 and PS 2 in shallow water along the edges of the
channel had vary soft black sediments with 12% leoss on coibustion, much
higher than that of the channel bottenm sediments. Reduced current velocity

and polluted surfezce water scemad to ke respensible for this concentration.

Some preliminary determinaticns of hydrecarbons in sediments. frem-this-area..-. -

wr

(Farrington, 1971) gave values of .05-.57% of dry weight. These hydrocarbons

appeared to be "aged" petroleum, made up of cyelic saturataed compounds.

.

The sediments of upper Marrgansett Bay reflect.a reduction in current
- 3 . -

d L)
relocity with increzsing cross section. Hc¥aster (1$86C) reported a clay
! A A ‘ A . .

rontent of 10-20% in this arsa. This vwas 2 high value for Narrzgansett Bay

=diments. ~The '8ilt conteant was B66-55% and the sand costent was 10-25%.
— . . *
. -Se sediments are well oxidized and are inhabited by a norial esituanine
I
. .. .

‘auna.. _ o ' ) " .

-

The dredsing




f"pcsiL:é'un”:r.different conditions than a;a Teund todiy, fhf:e

silts anc santy depusited in the post glaci:i viver vallsy previzes 1o

salt water intrusion. Deneoth ihsse were fouad laminzied fins sandz, silts,
and clays depositaed during the Jast glzcial reirzat, > )

Sediments in the @Egg_si%; areal .

Hcdaster (13 50 ) shcwcd'tﬁe general pattoern of sedimonts in Rhode - .
Island Seund (Fiz. 15). Ths bottom 1 zonerally sandy but becomes silty
in a depesitionzl arca cast of Point Judith. Leg deposits of gravel end
cobbles ek tha Jecation of ercded glzcial morainss.

The sedinent at station 7-3 (wap, Fig. 23 grash, Fig. 18) was a clean
yallow sa:é::cpresan?itive of the original sedimznis on tha dump site znd to
the north and cast of it. ovas U0, 39, 23, 25 ard'20 (fig. 11) also .
ﬁr4"pl“d this typa 0% sediment, 411 were 95-8S% sand w;th a grain size mode
dt 0.25-0.10 1m and we vcfy well.scrtcd. The'loss en combustion fof

* -
~station 7-3 was only 1%.;.Thesa szads ccatainad fraronits of blValV“ shells

.
3 .

&nd sand dollar skeletons. Quartz grains wers subrounded and stained with
dron oxida, . ' -

& Large arcas of this sand were cov~red'by_dense mats of the fﬁbes of
anphl pcd crustacezns. These mals had trapéed suépended seciment and the .

-

» -

-

fecal matter of the amphipods. The coler of the

The grain size cistributi

on (Station 1u, Tig. 17} showed zdded fins particles.
The loss oi coudbustion was 3% for the tubes and 2% for t the sedim ent.
. . - . -
Fine sedinmaznt, blnnoqed frca shellow waters op transperted from
- ' . %
Narraganseit Bay &fter storms, is presently being depesited east of Point
E& L i ] . LRY] ~ L3 ) g -—
“hadith (Mc¥aster, 1880). The sediment et station -2 (Fig. 12) was a
~— * .
s.aoren2ly well serted silt with a madian graln size of .05 mn, no
S e A - ‘s N
5art1cles largex»than 0.177 ux, and cnly 75 clay.” Appavently wave and
- L
. “em ) N : o
L. — SR PR - ST St S YRR S T P STV

sedinent ves olive browh.
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1z Cunp site ware very heterogendceus. Statieons

8-1 and 8-2 yielded a ccarse sand with shells. This sedinant showed poow

socting &énd no

the soft shell ‘clam (lva zrenaviz), quohoz (Hercenaria may an:via), oyster

(Crassosirza virzginlez), jinglé shell (Ancnia simplex), and comncn "ussnl

bottom. Loss on cenbuziion was 0.6%.. : - .
in diareter (Figs. 19, 20, 21). These itay have represented natural estuarine

sediments or could have been "manuvfactured" during dradg and dumping.

Thny were easi y separedble from the eriginzl sediments of the area con the
b381s of the prescnce of pebbles, clzy and plant detritus zad by poor

sorting values. Loss on cowbustion varied from 2.7% to 3.8%. -
" .., The grain size distributicn of a soft gray silt wkich was found

mantling the zct

-,
Fil

‘e 2rea of the dump site is shown in Fig. 23. The medien

grain size was in the silt range anéd clay made up of 17% of the totel weight.

Sizes over 1 mm wers absent. It is-believed that this material was formad
during the cumping process sild suopended cduring the dumping of the

spoil and frcm its impact wi th the bettom would have fallen more slowly
™, : . .
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of ghallow corss weould inficatse uhsthor ihle sivntisensiy Io widespread,
—
'I
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highzr percent organit matlter than the natural sclinents in the dunping
.
+% ves . - - L3-S N g $ . L - oo FIsy
arca, these wera nol always distinguishing charucteristics. Poor soriing
- b . . e - - Y .
and ipﬂ presence of the shells of salunrine mallusks wore move raliadle .

the durp site-indicating trensportatica frem the -spoil cduup.

. ¥eMaster (3252) showed that the zmphiola/epague ratio of

PPGV5€“ﬁC‘ River was U4:), while the ratio in the zrea of the ‘

dump site was 1l:4, The quartz greins In the offshore saads were nore
spherical and more roundad than those in the speil. .-

. - . .

If it is assumed that well sorted sands of the durp site area are

[
LTI
EJ
‘-*
D

-
. -
. - &

in equilibrium with the hyérographic regire at that locztien, it is possible

N

to assess ?he-reiative stehility of the variocus spoil sediment types.

The thin layer of soft silt/clay mantling the speil suriace would probably

- . . -

denser ﬂlx:q sediments underlying’may bg rather

3
o
&

ot

be easily eroied.
srosion resistant. It wouid aa:ear that sone silt will be lost fren lass
- es 207 e

T < o~ e ey Y - 3 H = vz, * T
th of lag neecassawy 1o provide protecticn is conjectowal, hovevar the
— 2 3 B
L .
- = iy t. : 3 - - e, . - =3 ot b
isence of ripple marxs in this area supgesis that 2 ral? x=l) shallow )
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I¢ wonld e of concidzrable Intsrvest vo cbhiain date on the suspension

£ spoil sadiments during storms end on the rate at which they setile
afterward. This information is nescessury to zssess possible effects on

fisheries. : _ - e - )
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The colopizaticn of {1

could slcw the rate of ercsicut lHeumann et al. (197¢) showed that sedinent
covered by &n algal mat could withstant div cot current velocities 2-5 tines

thosz vhich ercdsd unprotecisd sediment. Carriker (1937) cited several

studicd rhfch shewed the role of rocted aguatic grasses in stebilizing

sedirent. . - o R .

Amplescid auphizods covered the sediment in parts ef the duip area

o

h dens2 nats of soft tubes. These wmay protect the ssdinent {ran erosion

1d act as traps for fine materizls. Nills (1887z2) found that ampelisca

_colonies ¢n inter idal flats undorgo pariods of ercsion durin

No information ¥s availabdle, however, on the resistence of irats to
storn waves or on the parimanance of coleunies in deep water.
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at the dumpsite, two recent studizs cn the Ruiede Tslaud Scund cirounlacis

lztter werk was located apyproxinately 6 n.m. from the cumpsite, bearin

150° (maznztic). The water depth was zn
\ pob: :
Shonting's (1259) investigation revesled that ubper layer motion may
be charac arizned as a westward-mizratin

-

botton motions ware coscrihed as dnticyclonic (clockwise) swirls with

\ k
small n iisplacements (érifts). These characteristics indicate that _
tidally en ipertial flows canbined with the tidal motions dominate the
current regima. The ween specds (ebtained from arithretic avera C“S) in )
; upper layer did_fot excead 0.5 knots ’or “the pério@ of cuse~7v*101, ‘

oy | . g

ciile similor means co rputed Tor the bottom layer resulizd in values not
;ﬁééter thzn 0.3 knots. The unusually‘high 2an bBottoa speed values are
;ttfﬁ$ﬁtabie to the app plication of arithmetic averazss to the data. It is
Sbfélmaaningful,to compufe the m2zn velocity Ey vector averaging, éhich in
‘his casé yielded smaller mean speads, aloﬁg with their respective dirzcticns.

‘he mean veloc1;y can ba 1nLe“u“'*cd as the non-tidal component of mouwon._

-

Iﬁ effect, the mean spesd and directicn, obtained by the vector averages
.

f veloc;tles over several tidal cycles, will indicate the resultant net

=

' .
- . .

ncluded in the average. The oscillatory motion of the tide is eliminated

y the EV'?aging process, hence the mezn velocity thus obtained epproxicates

% pon-tidal ecireulaticen compengnt. The greater ths time interval usad,
- - : - T2 +% = F L4 Y mmm - R IETE TS .;" Lo - P
more accurate iIs the met dlisplzacemsnt estinate, I the flow patterns
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UaE wet motion in the
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The observed instemtzaesus varisbility In cuvrent vediors In both

‘

tayers was assassed, and as a conseguasnca, tha presence of eddiss was deduce

having scales of less than a kileneter. The current fludivations indicated
4 . ' .

that the upper layer contained epproxivarely 5 timzs wmore Wurdbulent energy -

tocal incraase in turlulsnce -close to the beoiten, wherz the mean flo :
interacts with boiton friciionzl elemznts. .
In summary, the major findings of Snonting's (1352) siudy were:
1) the semidinynzl tide contrels variztions in currart velocity in
both layars, : -
E%m;’
. - 3) the 'La:-'-‘,er net dieplzesments in the upser layer appzar to resul
) from tidally inducsd, secendary insrtial flow, :
- - 1]
. . B) ‘abrupt an? prolenged changes, characterized by rare unstedle
o:cllld“‘i 15, 22y be the result of large-scale garturbations which
cause reducad mean wotion, allewing amblent TIdd Torces to appear
camplified, )
5) +the turbulent intensities Increase close to the bottom.

g 1T e - - ) Ce e e
Cook (1966) used drifi bottles and scahzd rifters 4o investicate ‘the

irculation in Rhode Island Souni over prolonged

2]

non-tidal component of
periods of time. Due te the methed, there is a lzrge degrae’ of uncertaioly

both in ihe diveotion and range of displacsments. The Hndihgs of the

™ " SPASON, | SURFACT DRIFT - . BOTTOM DRIF

E -
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: Summer "N ' _ : .. Hi
Autumn -8 . ' N
Winter s ]
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It must ke notsd thet the majerity of bhottles an

@covered. Although some of thase were found by vessels, they were mostly
- 'l N

adicate southerly iransport. : ‘ .

Cook (1223) motes (significeatly) that in western Rhode Island Sound

Based on 1

‘he return data, there is evidence ‘o“ the Intermittent
»earance of a large-sceals. cyclenic (countcr~clo¢kwise) ¢d3y In the region.

> edcy is thovght to éncompass nca rly 21l of northera Rhod

- 13

'J

p)
-
o)
v
0
Q
o
ot
N

.

dumpsite location is near the center of this itrensient eddy systcm.

-

is reascpable to expsct that because of the locaticn, the edd <y wenld

LN St ) ’
tribute little to the flow energy at the dumpsite even if the 10u—t3dal

Y + [ -
- - - .
Boat operators have consistently ncted a strong SW surface current |
) T
-
thods Island Sound the tiwe of the inceming tide. This may well.be

.ected Jn the direction of bEotton moticns. Although the response of the

- £ - - - - -y % - . 3~ PRI . QAT S =
=a Jayer to surface current chanzes ey e slugzish, ithe adjustrent of
,

g

Fleow will take place I

ngth of time.

g
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B nevtical miles.

The flow patterns are prebadly deminated by the senidiuvrnel tidal

=g1c1 which comes dirsctly under the influence of currents frem such

ttended water bedies as Warragansett Bay, Long Island Sound and Buzzard's

1y. In other words, although the dumpsite may not be an energetlc current

3t}

&

wirenment, it is located in en interactive zona of several current
\fluencas. Shonting's (185¢) mezsuremsnts vwere mads Farther off-shore, U
-E*e the bottcn water may not have been affected by the N-$ tidal flow

icillations of Nariragznsett Bzy, while the StrCnger influance of the E-VW
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rrents at these stvations. : - :

Bottom net transport measured at the dun 951Le can Se raasona:ly

:pected to ‘result from intera ctﬂons of tidal flows. If the estuarine circu-

rk

ttien of Narragensat

rculation, conservation of salt weould raquire a consistently NV net

ansport. It is unlikely tnat any salt-wedge return flow into Narragansett

Y will be an important part of net bottom transpobt herey although S
. - - 3 L]

linity medifications of bay origin mav be mazsurcble at the site.

Mpent measurements a2t the Sumcsite

- — et ~ . L . e ‘- -t
A Py ro-Troducts edzl 532 rzesriing currant meter was uged to gathar
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te in early March, 1870,

Bzv were to plav & major role in ncdifying the bottom--



was a?proxlrately one foot off the botteonm for” this serie
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cycles per hour. Each eycle containad speed and di

ver two coinplete

5 tidel compengnt) periods, 12.4 hours each.
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 Figures 24-27 summarize the findings for the indicated periods.” The

gﬂa for cach 25 hour pericd are presented in three df

A stribution diagrams.

hp _upper left compass roses indiecate t

»

'gs,flowing in each of tvelve compass sectors. An errcw merks the direction
f net digyT cenent for the period pressnted. The upper right diasgramws show

ent speed is marked on the speed distribution dizgram. The lower compass

.t

08z indic cates the distribution of spzeds
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irections refer to degrzes magnsti

m

.. .Before any ccmparisons are made between these measurements and previous

1+

. - . - ) -
ik, it is well to point out that the record is relat 1vely short, and may

»t be typical of behavior over a lcng'period of time

+ The measuremchts

¥

re takapn when tidal heights in the arsa uere uwu*ﬂally large,

Sz e IR e e e B e e e -
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¢
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¢ four dzy pericd exhibited aznd retained definite, regular and repeating
.
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belween 0.30 - 0,33 kgot.

The direction histo:

o

major lobes zbout 158° apart. This pattern scems stable over the four

,

day paricd. It is to be noted that the current at no. tirme (daily) flous

*

in a 20° sector, i.e., no flow occcurs in dirscticns 270°-350° or 200°-

@

930°, The speeds ere also ridically reducad in a direction 180° cpposite

© im2 in the in ESE and, ENE seciers. “However, the direction histograns .
> a )
~-om That W8T Qirecticns, occur for a greater porcentage of the tins than

iSH currnets on the ineoming tide cbserved by boat operalors in the area

[+ ]

tlso dominate the bottom flow -for the period of measureman

The.net transport velocities may e sumsarized in tadular form:

.

Dat ' Soead (kn) ) Direction (°magnefic)

July 20-21 - 0.08 157¢
July 21-22 - 0.08 T - 1o
July 22-23 0.05 162°
July 23-24 - 0.03 - ' is56° - -

. -

hile net trznsport direction chenges from dzy-to~day do not follow a -
. ‘ ha

egular pattern, the speed decrezses monotenically in time. Examination

-+

ha direction histograns indicate that the decrsase in net transport

£
i)

3 —-r L P RPN RS P o . R PRy R |
22 may te clcsely correlated with the counter-clochuwiss rotztion of the
. »

-1 " o=y .. - s . - .
rigure 8" flow pattern in tinme. .
.
-
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cation than &t the offshore lecation studisd by Shonting (1S6%). Pattern

tation, with a simulatenteocus net movement decrsase, is also indicative

-

flows that cculd arise from two oscillaticns. The considersble dacrease

velocities in 211 a: recticns, a2t a time of the month when tidal heights

“destructiva interference” conditicn rmav well serve to effect such a

~vaase in f‘ow velo cities, Shonting (19569) postulated that reducad

. . [

1.

m notlo 1s (net transport velocities) at the site studied by him may

dus to the arpT ified appearence of tidal motions caused by larze-scale
‘turbations. The dumpsite records indicate, however, that such reduced

n motions here, and the real asplification of tvd=1 effacts, may s;mply

due to’ the interaction of two os¢illatory (semidiurnal) tidal c mpénents

ociated_with Karragansett Bazy (¥-S)- and Rhode Island Sound (E-4). -
In summar z the followingz conclusicns may be reachad 2bsut the botiom

,ulaslon at +he dduDSlte for tHn eriod of measuracment:

l) the.circulg ion is deminated by the semidiurnal tidal cemponent,

% . . -

,}) the not tvenssert is the daily averege vesultznt of jthe tidal
. flow and is smzll, y -
. Ld
3) the magaitude. (spe2d) of the net, “non-tidal" ccmponent of - °
e et e e e e e N AT PR R BT -

g A o ey RS 7 = s



£ cuorrants in
S %) ihz direct?
SSE, with p

5) largest inste

e ? r ~ [ T omrrmands FRN 2 LRPEPRRU. TPRFI
{inematics of surfazce wavas rslavant to thaz sedizent distwibution

The environiment created by water movemznis of wave ori

[

dual role in deteraining
: resuspending (crosion) and transporting mechanism. -

Once the dv*“cd sediments settle on the bottcm, re-cntraliniment 1nuo

P

luced by wave action. - Currents in the dump.site area are generally
.
nsufficisnt in magnituvde to produce resuspensien of settled scdiments.,

s scon as the material is put into suspension by waves, it is aveilable’

o the tidal currents for transport. Wave nmotion also induces a net

ransport drift at 21l depths in-shallow water, somelimes relerrad to as

-

-

wave current. The wave drift is generally smaller then the instantancous

Ldal curnent. Even so, wave drift may have significance in determining

L
et .

LA .

total displacement of resuspended sediments.

- -, - -
- Y

In order to undE“Sucﬁd he role of waves in sedimant transport, some
Fy >

ive theory will be reviewsd below. The theory of irrotational Stokes
. Al ) *

ives seens to represent adsquately” the observed natural phencmena asscciated

th surfdde gravity waves. Alt ho" gh.wave erergy is propagated by the

Ekon of the surface defermaticn, waves also induce particle motions

-

ayei

» . _ .
vhe water colurn a&s the suriace disturbeance passes. ‘Papticle motion




Ity wavoes oo Allatery motion with 2

;,/:11 maze transpoet veleolly supzrimpesed on it in the directicn of wave

pro;aga;icn. ' . .
The wave induced moticn of a partlu]e in deep wate

r is circular at

acreasing exponentially frcm the

vertical axes of elliptical orhii

z velue of zoro on the Lottom. T

T hé horizontal axes alsc decrease, nowWeve

the changs is ralatively slewer, =«

itart to dvm_rhte particle motions wi

ce Capth at tﬁe dump si

: *fics : 13 ush the frea as shﬂ_lO“
a (- - - .-

L waves. The effect of su“‘ﬁcc waves will be felt on the bottom most

ron

The magnitude of the horizchtal component oF O“bltal velocity is the

-

’
{2
&
3

b
rh
b
#]
‘-L
o
+3
}-'o

n resuspending settled sediments. Sinece the moticns are
ieillatory, the peak velocity

will determine the degree of resuspension

T any par ticuler sediment size. The maximum horizental speed’is directl

oportlo al to wave height, eand inversely proportwoqal to wave nﬁrwod and
ptht . ’ | . .

The mass tra nsport (wave dr ift) velocity mentioned zhove originates .
3 *

M open orbits develop ng for higher am

.

'
[
e

tude waves in = shallow water

-

‘ircnments  This result is a measured departure.arisinw frem th

% assumpticn of siall awplitudes w
— beeciiz large. The

T ’
redman to its origin

-
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lepth. Shallew water bottem effects

a2 rasulis

e theoret-

mich cezses tc be valid when wave ampli-

al:
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P A P . + I Ty —_ . . AT Y dn & - =
waition in the orbit after’'a full cyele, Thecratieal corwsetions for
o '
Fel P Y. s S S NP T T T P T . P T 2 &
\—/q (031 l;f;f: SELENY CROW TRLY TN LiTUvaalL LwDTLOn 13 Friakield 1Tt IUS
»
H - . 3 S 3 Y fr .. - . ey
‘crward movenment than in its backuard moverent. The particls, after on
.
.
. : Loy L P I
tplete wave cycle, arrives forward of its initial position. A second
h s PO s feda yres el o e \1.‘ - R 2 o= . P
rder drift thus develops in the direeticen of wave propogation.
zg relevant
g . . ¥
is instructive

w.

3 Cons

speeds nacessavy for sediment erocsicn and transport.
.gure 28 is a repreduction of a2 goaph derived from the experinental
asursuients of Hjulstrem (12835). The plot specifies within the indicated

tha curyen

WRds v ve cuired Yo eroda, dsposit and transport
_ eulate matter of diffsrent grain sizes. The results apply to unconsol-

-

which has becn deposited in *he cnvironms

whi ant normally,

e., grain-by-zrain slecw Zzposition freoix suspension. :
‘The material easiest to erode is within the 0.1 to 1.0 mn size range.

‘is expected that if the sedin

n; smallest velociti

1 bottenm environmant, es

20t surgacn behzves as a

that may

e

ision musﬁ be at least the order of 15 cn/sec, or 0.3 knotis.

cause

chmélly deposi-

resus-

From

2 cuﬁ ent reco“d anzlysis (for the short term measurement at the dumpsite),
¢ Shoatins's (1852) & ck's (1988) studies, it scems reasona

i fr 2 Shontin ng's (1989) and Cock's (1988) studies, it onedble

conc}ude that bottom currents zlone would not he 2ble to effect rasus-

sicn of normally depos ited sediment. Yet HMorfon (1957} i;dicaues an
le pr0s nce of suspencdad sedirents in Rhode Island Sewnd waters,

Ev;d frem vericus natural sa2diment sources in the arsa. In this light,
- !

. necessary to exanine the extent to which wave actica Id the Rhode
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e b R e e,

; soure2s.  Hogben and Lumd

wt

..a
0

ouzpiled according to jntﬁ':*.afcionally standzrdized

- ;-,-f‘;' t'.".':’ hcighdl:s i had f o}h] l o 10 fee‘c .'.nd tha Pi‘?."iods a2ve

It rr2zad menge From JUlY to Tebruary at Point Judith.

~

Fhen and Lumb (1357) the wave "Tld\.."'e’T -1‘" fmum PaPLlClC

4

N - ) - .

e tuized 15.2 cm/sze (70.3 knots) 32 per cent of the tine
: ) = an a. e
oot 22d Sound for 100 feet of watep depth. In addition,

T erte? 2005 en/sec (70.6 knots) 18 per cent of the time’

- """'1_'3tion of calculated values fixes +ha wave he ig‘uts
T T elnam Yottem particle velocity of 15.2 cia/sec ’
LreEF g V ’ . . ¢
7nt period waves at 100 ft. water debth.
LA f.)".)"' T . -
2): 7 10 13 16 . 13
SO

T .08 2,80 2.3% 2,12 2.00

[t

SR I - . "
"""'f-‘__-__ In fact, Qurinz 4he stozxn of Novemker

.




retton velozities bhatwoen 13 to 20 f,‘;'_'t/sgc i LN 1, Thene '!r'“;._;;“ LAYGD .
] * .
. . L]

cocurced for approxninatsly 6 zav cent of the time during tha siornm,
astitering X7 hours of w2z oviia of a.ov hour vioonding period, .

The statistical evidence indicates that resuspension activity by
waves should be relativaely impeortznt at the roughly 100 ft. dapth of the

. _ - .
dumd site. This seems valié for most of the year, but such activity is
especially significant durd menths. Horton's (1667)
results agrze with thiss & zetivity and indicate thatl rasuspension
by currsnts and waves prod nt concentrations of suspended ‘
sedirents in the water colum. :
Ld - 4 L - - - L

It is cGifficult to essess the effectiveness of local waves in trans- .

porting suspendsd sediusnts out ¢f a given area. A thsoretical transport -

velocity resulting fron averczing over the 5 periods in the tabulation cbove

f+--ves which all produce velocities of 15.2 ci/sec) results in a new daily

relocity which ceén result in a mewioum daily displacemant of 2.% n.m.,

18 calculated from the dump site current measurements. . : '

* ~ .

issessment of phvsicz) erosicn mechanisms on dump site disvosition

.

Referring to Figure 28 and to maechanical analyses performad on cores
obtained. from the dump site in the sumier of 1958), there Is reason to

1Ji;:'- - ¢ . . . . -
elieve on the basis of current and wave evidence, that substantial. altera-
ion of the sediment distributien should have tzken place. Roughly 80-90

_ ; bl .
er cent of sedimsnt grain sizes in fost samples fall in the 0.1 to 1.0 mm.~
o . . . ‘

ange for which erosion velocities are minimum. Currents and waves acting
ogether would poss no difficulty to the erosiocn of the dumped material
" theory (zs discussed above). Eathymetric surveys over the past two

—r .

£
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wg end recent chsarvetions ¢f the spoil surfass indicate that this
ot the cose.
The recasons for tha ineffzctiveness of theory and vhysical measura-
ents to predict the state of the,durp site cenfiguraticn reside partially
n the lack of extensive measzuramants, but mere: basiczlly in the mods of -
eposition and physiczl disposition of the dredged matecrial. Somz of
r - .
hese factors angd conjectures on dradged sedimant bchavicr are outlined
alow, .
1) The dredzed sediments wers compact and relatively free of water.
The angular appearance of tha dredzed materiazls on barges attested
to this. ‘ 7 P -
2) Although nost of the material was cémprised of fine fractions,
s> the spoil semples contained granules and pabbles. Lumps of clay .
- were also fairly ccmmon. These erosica resistant fractions may have
oo ’ _ -
the finer matrix frem erosion. :
cn allowed the dumped material to stay together.

shelterad
rmode of dspositi
Probably only a swmall amount of spoil went into suspznsion during

-

3) The
aterial was deposited as a maess unit.

o
ce in the barge whare the bouyant

i
.
N

a pla

duriping. Xost of the
take

-

-k) Cowpaction may h
effect of water cn original surfzce layers was absent.
dumping area was prebzbly stebilized

@ the suspended fraciiod which orig-
3 .

-
0

h ]
5) The sediment surface of the

by selzctive renoval of
nature of the dumpins process,
ed sorting

inated at the tine
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physical dzta. Eoth the ncde of deposition and the nature of tha cdumped

material invalidate the minimum valuss of current velogiiy reguirad to

resuspend the dreégeé sedinments for all particle sizes.
. Under cévtain circunstances currents and waves will result in the
tra;sport of fine msterials frem the éu;ping grounds. This may occur at

T the CL:p or during a period Of.;;G“ﬂ gc“‘v_‘y Considcring the

. size particles will reach the beaches before these would resettle. Snzller

fractions could reach the shore, but turbulent wave action in‘the brezker

zone, especially during SLCPﬁS, acts as zn effective barrzer to de“OSltWOﬁ

.of Tine materials. These materials will eventua lly ind a dep051tlo nal
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area where the sedimant structure is similar in natura. _ : -
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diurnzl tids. Instantzneous bottom currsats rarely exceed 0.3 knots,
whebeas the net tidsl traansport velocity is no greater than.0.l knots.
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suriacse colonles close Lo the Cund sivn (Frals

PR > e Van [ . co-
znimnals is not known at vresant. ) »

A burizl ox parimant w

vas sepzrated from the dense sihsurface sediman

surface sediment was plzced in 10 smzll aquewria (27 X 14 cm) and buried

with vp to 21 ca of subsurfacs sediment. One half of the surface was
. - - - -

.

ampled after 20 hours and the rermainder afiér 48 hours. The seamples were

passed through a 0.75 sa sieve and tha retained animzls counted. Four-

“- ' teen species wers recovered but only throe were adbundant encuzh tc b2
considered. The results are sheown in figure 29.

nel attained the surface in less than 2% hcours from all: :

"
)

}ie

S ﬁephtys

-~ depths. Strablospio beznadicti, a very abundant, 1 cm lodo, tube-d;elling

- polychaete, was @ble to reach the surface through up to & cm of sediment,

ateralis, a small filter fecding bivalve,

1BV}

but no through 21 cm. lulinia

%'I’

reached the surface fran all depths but many individuals tock over 24 hours.
AN

It vas concluded from this experx ihcnt that cdertectzbls numbers of these
- L ] ’

species prebably reacH *He surfzce of the dumped epoil.

[}

F
*
3
Turbldigv ' - .
Sy, . .
> The increased concentration of suspended particles in the water
3 during the Qumping operation and after resushcns-on could zffect animals
= b pnvadve ety S einmas o]y cenfa Dby Altasine +
—. =Y coausing mochaniczl danage to raspiratery surfzces €nd by diluting the

-
-

food particles utilized by #ilter feeders with pon-food particles.
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than thHe optical turdbidity of the suspensicn. Ritche (1870) held four

speeies of fish in cages close to the effluent of a hydraulic dredge In

IS

upper Chesapeszke Day and racordad no lethal factors. ile also examinad
the gills of 11 species of fish caught in the spoi

found no tissua dzaraze, . ) - .
=4 - *

- - - -

~ Sailz, Pol

=
[

2r, and Rozers (19528) expcsad lebsters (Hunarus emerican t*)

to susgensions of up to 2,200 ppm of LnooJWL*ed estuarine sily gnd 900 Tpm

of Providence Harber spoil snd-hen; fFor 24 how“s No morteldl

y was recordad

-

Ay 4

which was directly atiribu tzble to sediment concentration. In a bottom

choice experiment made as p

ﬂ)

rt of the pressnt study, four groups of eight
';lobSters were held for 48 hours in'a large tank partially floored with

Provxéence Hzrbor silt. As they burrowed in the silt the lobsters

passnd dense clouds of sadiment through their gills. Mo mortality was recorded

h i -
% ] -~‘ .

'duhlnc the experiment or in a two wsek period aftervard. In tests at the

.

'Sandj Hock Yarins e Laboratory (1952) lobsters and cesbs (Czncer irrcraius)

held in aerated aguaria with sewzge sludge and dradze spoll remained alive
- . - - -~y -

for extended periods. . It is woncluded frOﬂ these studics, and from

observations indicating that mass resuspension of szoil prcbably occurs

Oﬁlj curing oeriods of heavy swell, that there will be no rortality of fish
28 lebsters in ths dump site arez caused by sedinent.lezd alone.
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T doy o - R T R R | BN o 3 .
Until e sendy botion Is fovimed cvep The spoil dunp

- 3., [ U 2t nm 3 S S SR L T
nore fiue grainod partislas in suspansion thore than thars £
.
PIE - - g o) . TN e P - R 3 2 - e ook
natural Totion In the area, Filter fealing bonvnie invariciratas
<7 : LR Loy - .y S - T ey 3 I 2. % Za Aoy - - e P
their foud from watsr inmediately off the bottea. Any exeess sussended

-

takes place on tha gills and ladizl pulss. Rejected particles are entrapped
in mucus strands znd passed cut as pszudo-fezees (Grahan, 16573 Galisoil,

196U 3 Vervey, 13523 Yon"~ 1854). It is likely that specles found cutside

LS Y

the estuary ars less efficicht at limiting their intake of mineral matier

and nay suffer a selective disadvantaze on a botiom with excess fine

sediment. . ‘ T . S

————— i .
.

Sewage- sledge and the highly orgenic sedinments of inner harbors have

a hleh oxygen demand. Reduced chemical compounds tzke up oxygen immadiately

-

while bacteria consume organic matter producing a biological cnygen

. -

demand continuing over a lenger pariod. If these sedinents are dispersed

.

a body of water with restiricted nixing, dangercusly low orygen levels

. L “ . -

*should be produced. Measurements of dissclved oxyzen over the sewaga sludge

N

Marine Laboratory, 18

t,

Cumping UPOLJCS in New Yorn Bant (Sandy Hook

-~

0}

»

showed reductions from 7 p;m to less than 1 pom three feet 2bove the botton.
. d . 3 a~ .
O

The factors importent in the formation of zhouic botton waters are rate of

organic matter input, particle dispersal, end water mass circulation.

. The o“vgnvc matter content of Providence River sédiments varied
..
o e . . - 2. . .
from a high of 10% in th2 inna2r herbor tc 2 low of L-3% in uptor Narrazansed

. Bay. Much of this orgenic watisr consists of cellivlose plant vemiains

which are highly resistan

- s e F e g .ty 3
to .rec“d,.. Ezrane solubls fraciicns, which



bottea forming a layer severzl feet thick. Only the vppsr few millinsters
%
of this layer can contribute to awygsn reroval fresm the water. Although
Oﬁl} moderate currests pass over the botten (.05-.30 knots), the voluw
-~ - s - - - - *

of water and of dissolved cxjgen seems ample to rapidly oxidize the .
surface of the spoil.

Aninrals au ried by znzerobic scéims=nts may die of znoxia befors they

L)

can reach the surfzce.

the snall cpustacezns whose rospense to ciygen deficiency is increased

-

ventilation. Bivalve molluscs incun onygen debt, while sovine polychasies

ewer thelr activity and metabolism when oxygen is low (ilicol, 1960). Thesc

. mechanisms would aid escape from burial.

“beneath the surfzcs. Badaey (1854) states that move fhaan 3% organic nma ztter

-in scdlmEﬁt may limit the ccwcent ation of nen-tolesrent infauna. The
species found in Providenca Harbow ave examples of szimals physiologically

~and behaviorally adapted for survival at low oxygen levels. Bivalves (¥va)

-

#nd polychaetes (Strsblospio and Pectinaria} occupy tudbes” and-have

- i ar———

RS

efficient pumping mechanisms to carry dissolved oxyegzn to respiratory

i
3]

surfzeces. Adults and lagvvas of Polvdora liani can tolerete oxvgen

: ‘ .
concantrations as low as 1.5-2.5 ppm and 0.€-2.1 pm, respgctively “.
: _ K B E 7

= . . -
(Richards, 1$59). The deposit feeding polychacte Czoitella capitata

survives in highly polluted low oxygen Sediments tiroughout the world
7

(Rzish, 125

i)



I T .

Hydrocarons . .
- oy ™ _———r - Fanooh N . | —_— i urm e & = oI o W noae
a Szila, Polzgor, znd Fogones (2830%8) rooorisd goncentvatlions of D, 2+-0.7%4

organic matter content, Tarpingten (1971) deterninszd the hydwecarbon frac-
LY

tion of scdiments from tha Schin Point arsa of the Providence Fiver. The

average valuas feor § determinaiions was 0.31%. Gas chrematography indicated

that these hydrocarbons had the characteristics of "azsd petvoleun”. They

vere xcsily cyclic saturataed eompounds of low biochenie2l aetivity., Hove:

toric ercmatic @nd low-boiling

lost dj evaporaticn end

The guality of thesc hydrs 3vbc s and the fact that most of tha spoil

iOYlC Aevels uzy have ecolo**cal effects, however. 3lumer (1952) has

.

suggested that certain oil fractions in very low concantrations could inter-

“fere wi th the chemical senses of wevine animals. These mediate finding of:

“food, escage from pradators, se

ot
®

tien of habiiat, amd sex atiraction. Cn

.

the ep01l dLralna groeund hydrocarbons could change the settling pattern of
" the larvae of benthlc invertebrates or interfere i th th= ah 1lliy P lobsters
vif‘

and crebs’ to find food. . R ?' ~

Non-polar chenicals are many tiwmes mors soluble in oil than in water

-

-
and will beceme concentrated in “sedimanted oils. EHaritung and Klingler,
* * : s v
o
{1870) reported calculated znd empirical concentration factors of 1 million

for DDT in an oil-walter systew. Although traces of dieldrin and chlordane

3

.
. b * Cry % r‘ . - ¥ - - ' : L )
h b fovnd In gquahogs frem theo Frovidanee River (R.I, Dept, of Health),
—— .
3 -
. .
. :
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pesticidas and heavy netal poisoning (Yational Harine Vater Quality Laboratory

1870) and may be the first group to shew the effects of sediment pollution.

Heavy metals . ‘ o - L.
. ‘Toxic metals prodebly enter the sediments of Providence Harbor through

ceffluents from rmetalworking indusiries and sewage treatment nlants.
) . . L] (=] - X

'

At the Natiocnzl Yerine Weter Quality lLaboratory, Wost Kingston, Rhode

Island, varicus workers are studying the conceniraticns of heavy metals

in the sediments @nd benthic invertebrates of the Providance River and the

“toxicity and histopatholegié effects of these metals on invertebrates and

" 3% seawater, tendency to accumulite in organisms, and synergistic toxicity
B .

fish. The metals bairg studied include gold, silver, coppaer, cadmium, zinec,

W

chemical and biochenic2l characteristics. ’ L

- Cadmium is attracting spedial intersst because.of its hig

o
1]
e
i
-
o
e
[
20
r

+
a : v

. -

2wy
-

- 3 £y -,»"-.—. - - » - )
w.<d zinc and copper (Vational Marine Water Quality Laboratory, 1%70; Shuster
¢ Pringle, 1968). Recent analyses cof Providsncs Rver water near plating

. - s L N . R ey 4
W Very naiga QU ao LInC ConeLnTratlicls.,

: #
»21ps (1971) Zound that upiske of sevaval netzls was high in polychzetes

e m i e ko e i N 3 et ¢ S i A et 5 & e e e g b T L B

lead,.chromium? nickel and mercury: Each of these Detals has unique physical-

S land



_sediments with 20-40% clay.
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it is not poa51ble to owedic a"riori, whether sediment characteris
bydrbérephic characteristics will deterwine the make-up of Lhe coloniz
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Any coubles or boulders ca the surface of the £poail will be avails
Tor colonizaion by barnacles, spcagcs,-hydr ides,hund other eo_fguﬁa.

.

tics which are COﬂrelaLed

-

20

are dumped in 2an

1

were metsl pollu-

2



o

.

Studies of environmzntal disturbance can emphasize t

as a wholae. This stvdj enohasizes the latter, or synccological zpproach.

bles at this lewvel includs species diversity, patiers of species

-

bhelieved that a
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realistic assassment of disturbancs lo an environwmont can be mads at this

-

level. efers valid conciusicns czn he made zbout the effcet of dradge
spoil on any individual spacies it is necessary to }‘ zve a through knowledge

-

HH

of its spatial and tamporal distridbution, feeding hadbits, and adbllity to

sclect ¢ Loﬂ"ratg. This Information is availadble for few estuazrine species

‘and prosebly no offshore cnes, N )
’ ﬁny-natv:ml sea- ho‘gcw has an assemblage. of 1nv=;*eb“ & animals liviag
“in tnb scdtrwﬂt (1n_gh a) and on tﬁa surface (npi auna). Forty 1o 2 hundred
spec1es of macrobenthic spacies might be fo‘.d on a2 square rater of bot tow '
~in an éstuary.or ca the continental shelf Iin temperate régions. ¥acrebenthic
spccies-ére'often operationally defined as these animals which are retained
on 2°Y mm sieve, The species found, and Lhelr relaii cbund:ﬂce> very with
34 ;.--’ * - -~
tbe properties of the water znd S“dim ant. This variation is nel*ﬁer contin-

wous nor yandom. Reoccuring asserblages or conmanitics.charactcrized-by the
- : - -

same doninant species znd having the samne patterﬂ of subdcm:ﬁaﬁts cover wide
- - * ')

-
ersas. The muddy bottems of Long Island Sound, liarragansett Bay, and

=t

*
and o s - - . : = 5 : 4 3
2nd suculs vrowina end Yoldia limarula; deposit fesfing bivalves. Sanders
s - m—— = r— e * -

855, 1a: - . ; tormd s fonots T e : : —p Tel=n
(1855, 1328) named this the H. inclea-¥. limatuls ccymunity in Leng Isl

Y

-
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of theose estunries nave zmnoikizeld zuzbinsd colonies ‘on gandy boviars,

. R

;
-3 ~5-% - e 17 =, . Ry -

Sdﬁ’ﬂ* (1953) named théss Anpelisez spp. communities.

g o et | g e g

Such assemblages were first new:d cnly as statistidzl units to &id in

. 4 Erd St - : . .o
the deteriination of the fish food potential of the scafloor (xnﬁ-sc

view holds that the spacies found in 2n area are merely all adapted vo the

L - - i X - . - LY
level and variability of the thysical paraneters of the envircnment &nd have

L)

successiully compsted wilh the other spoeles for space and foed. The con-

trasting view is that the community is a superorganisa vhose parts (the

speeles) have naturally evolved o provide efficient use of spage and energy .

-4 ¥l

and to adjust for envircnmental variztions in a way that pre 2serves the
community. The groups of aqlnals found in the polluted zné physically

-

variable Providence River can best be described in the first way. The

cormunities of the more stedle Rhoede Islend Scund environment may be erpect

" ta show wore specles interaction. T

. .

1]

Reither the theory of species interaction in benthic comavnities, nor
the vzlidity of the measures used to indicate this int e“actlc“, have been
1€ " i N . - , .
rigorously tested. This znalysis of the racolonizzt icn of spo;l doverad

ad

botiom provides an cpportunify to test the utility of sowe of these measures.

¢ - - . .
. . . . 3
Yethods ' . ' . : -
e gt ey . . LT . . .
T e : : .
Quantitative.samples of the botton were taken with a 1/10 H° Smith-

-
bio, 1888) and efficient In sampling motile epifeuna (Wigley, 1357). Cne
Kl N ’
. 2 - .
or two cores with a 28 cm” surface area were aken from the grab.for sadi-



with ros2 bengal while stiil ca the screens., Leaving the aninals oa the

1-4e

Anim2ls were separated from-the coarse sediment particles end plant

e T L
el

[
[

ae (128

—~
PO

t'J

!\‘J

} and

Har;m e (l 354 ) for polychaetes; sbbot (1254) for moliusks; znd Kunkel (1918),

Chevreux znd Fage (1923), aad Fllis (1857b) for amphipods. The species
list will be verified as part of a continuing Rhode Island program.

- This report is based ca th: results frem statioms For which species

g

counts have been completed for duplicate or triplicate sample

-

counted samples from the Providence River, a series of sarples from near the

RN

alternate dump site off Point Ju41LH and qualitative grab samples frem, the

. Partially

© detritus vemaining con the scraens, s o“Lcd to species and counted. Idzntifi-

durp site all coniributed to en understa:dipg of the representativeness of’

those samples roported on. _ oo OO *
A : ‘
Results and Discussien c BESC o
] ‘Fauna of ihe Providsance Ziver: Various pavis of the dfedge spoil so
. .
- - )
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~omnivorous decopod shrimp, were also present.

arca vere saupled o find vhat Leing introduced offshore w%th
the szoll.  These dats alse indicatiz tho gensral level of polluticn in
the speil sourze arza.

. It was posciblie to &istinguish the asserblzge of spicies found in

s from <10-27 o/o00 (v icks,

[§:]

salinity of <The sunface waten of thz harbor vari
1959);. ‘0 aninals ware found in samples frem the harbor bottcw itself.,

Rcceﬂt éradzging activity, an alwmost liguid surface sedinent layer, and low
oxygsn concentraticn all conivributed to the chsenee @

Grab szmples taken from shallow beottom (3-10 Feet desp) on the ceast side of

-

Hereis succinea - depos:% fecding polychaste :
) Streblospio benedicti - dc;osigﬁféeding polychaste

uya‘dPDZHTiP . - suspension feeding biva lv;

Haccma balthica - suspension ;éedLng bivalva )

Fh

.-These qP°c1es and generd ere familiar pollutiam resistant orgenisms.

Pass (1867) compares P. lisni, S. bonedictl and M. muccinea to weeds "which

prolx:cratn over brozd are=zs of man's disclimaxes'. Dezn (1970) identifies

S. benedicti es a possible “ej polluticn indicztor opzanism. It is n=cessary

- . .
- ' . . g

to censider, however, wheth n these species, all afapted Yo survive in

‘.
| s . -~ -~ . . - .
aiglily varizble environments, night be found in tha Providence d-ver if it

-

4rees - where salinity is low and variabla and cuygen is scretimes limiting

*

TUat
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" e PR IR 3 SN S e et e  Iameen, = ae mE e T
It is nocassany te consider he gntnios wliselng fron a nalurs
e - .
5L .
h et Tt - S e ey o EN - - e - Lo B ek 7
A brackicl woter faunz in ordow te show ihe edffect of poilutien. fAboul 20

. L] - . - -_— L -
virginica), the polychastes Scolocolenides viridis znd Fygwspio olazans,
Mobellnks 228 > et :

3

It may be concludad that the fauna of

only by low oxygen concantrations and lor and verieble-salinity, but alsc
7 J o : s

by toxic materials in the water and/op sedimant. - -
10" Fields Point the salinity varles from 20-3¢ o/co and the water

"yquality is considarzbly higher than in Providance ifazbor. Teble 6 lists
4 ) a0l -

30 benthic sppeies collected in a linited number of samples from this zone.

] —

The shgllc“-b01101 on Clth;“ sice of the drsdged channel has high densities

of qunuogs (8zila et al., 1957), Axthecugh stztions PS 1 znd PS 2 yielcéed

quzhogs, the sediment was soft, black and enarobic below the surface. The

fauna was scmewhat limited and included Cenitella capitatad, an indicator
-]

-

-

of high corgznie matter concentration.
. . ant - L - . . -
rs . . . - .

« ¥ Th° bottom of a part of the channel which had not been dredged yet,

rk
[dd
o}
&
n
lae]
[42]
[0y )
4]
B

sampled &t sta ?§ 6, had a charactaristic a2ppesrance. Linea-

- 2 -

tious and a lag depesit of emcty shells. indicated. an appreciadle current.
- } . .

The scdan_nu was con act 4 1k upper 5 mm was oxNyzeznated. The fpllowing

- g =2 [~}

speads vere abundant at these stations:

» Ferhiys incisa - Pepesit feeding polychuszte
Sirsblcsoio hanelictd Deposit Tedding polychaete

-



il

Canitell:
.‘\\‘_/. —— -

[ T T P [y & g N meode o
oEDL AL ) Peposit Zecding polycaal

e o Hstewerzslun Boresit Fezdluz nolychaste
Glycindz solitavia . 'Deyosjt feading polychaste
Pectinariz zouldi ° .7 Deposit feeling polychante
Nessgrivs trivittatus ) Deposit feedi%g gastrouod
Mulinia Ja;enalié ‘Suspension feeding bivalve
Ycléia limatula | Depeosit feeding bivalve

T -4 - - 3 -1- 3 ~ - 5 - - - - o vy ] P I .
The rapid sedinmuntation taking place in 'these aress apperently supplies an

abundance of focd to Caposit feaders. As a result of the two-layerad hydro-

graphic structure of ths esiuary, botton walter with relativaly hizh oxygen

concentration and relatively constent salinity flews nerth, providing a wuch

less polluted environment thzh that found in the surizce walers. |

Benthic coarounities of Dhele Island Sound:  The banthice invertebrate’

Semrert Ll
Narragansett Basy (Fhelps, 1958). Although they havs sonme species in ccmnen

. i
-

with the estuarine cotmunities, often different species of the same genera

fos

are found on anadogous bottom types. These species are adapted for life

in full salinity sea water with less temperature veriaztion and lower average

-suspended sedimznt load than is found in estuaries. -

.

!

v .- The sedimznt in the dump site area consists of fine sand. " Hedium

sand is. found ir shallcucer waier to the north and east. The silt content

2
increases gradually toward the west and veaches a maximum, just east of |

: . . LT i .._o ) . . - . N - . *
Point Judith (Fig. 15). Stations ware chosen which would be characteristic

. 3 ,
of the variocus szdiment types in order to show whether they supported distinct

_ faunal asserdlages. A knowledze of these asserblages is necassary to recognize

. . . . .
the scurce of spocies colenizing the spoil,

Various numerical measures have baen used to show the similarity



(1260) with naccobenthic and r-1c Faunal bd:UlQS from Suzzexds Bay. It is
% . . b

considzrebly move straighforvard than indexes using prominance valves,

(Pearsen et al., 1987) cr irfomiatisne theory (Horn, 1956). Percent simil-

arity = I nin (a,b} in which a aznd b are, for a glvan species, the parein-

* Fy
L

nich that specles represents. This index has

-

“tages of samples A and B

.

been criticized as overvaluing shared deminant spzeles to the neglect of

itiecn ("hitteker and Fairbenks,

differences in over-all community cembos

1858).

. ™
are placad in a matrix (Figure 20). The samples are resrranged so that A
s : P
& closely related seuples are in groups, Figure 31 shous the percent sinmiler-
ity &fter thé dominant A zgassizi was removed from the records of five

mples. Sanders (1S60) cbtalned an averags index vaius of 652.3 in
replicate samples from a single station andé 31.2 end 3/.2 in samples from

“ distinet community types in Buzzerds Bay. In this sizdy three faunzl assenm-

.

blzges were iden ntified cn the basis of visual aapnar:mc,, doninant specles,

iand similarity between samples of over 30 pepcent.

Y .

The samples 7-1 and 7-2 are representative of the clean medium-sand

found east and rorth of the dump.site. The number of individuasls and species

from these samples were u25/29 and 351/25. Some cha*ac;eris ic species were:
X - . . ¢

. . F
*- .Byblis serrata « - suspension feeding amphipod
haustoriid sp. : detritus. feeding @mphipod
— .. . oo s . '
Cirblanz concharun scavenging isoped :
! a -
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end shacies from these samples wewe 1U51/42 for 7-3, 3272/LL for 14-) and

1889/45 for 14-2. Sams adbundant spacies were:

‘ Anpelisce azassizi suspeasicn feiding amphipod
Ampelisce vidorunm ‘ suspensicn fecding aizphipod
Z}" ) Byblis serrata ° R : éﬁspeusicn_feeding anizhipod

) gggiola jrporata ; ‘ © detritus Teeding amphipod
.k Lept ocne:fué_pinguig| " T _‘ suspension feeding =aphipod

) Orchomzllz pinguis detritus feeding amphiped

", - Phoxocevhelus holbolli detritus feeding améhifod

- | | Pull enthura tenuis detritus feeding amphipod

.\'i; R Qiéﬁjxéé§_§ggg' ‘ L " detritus feeding amphipbd .
- - ~,

w
~

-

Hany polychaste species wenr

were nearly &bsent. Arctica islandieca, a large bivalve which was teo
e . 2 . P
scatiered te be properly sampled by a 1/10 ¥° grad,. sdemad ,to have 2 dis

bLt101 correlated with the presaence of emphipods,

~
2prasen ited by a few inZividuals. Small bivalves

tri-

The dominant and subdc ?i ant species of these samples wera gena rally

- -
- -
Tt Y. = 4t L - = - A T - UL T - rone
similan w0 UNOZe . o Yhné smuslisns S0, CoThunities which «Sandars (.:.:.‘23,
[ PR Ry i -

1233) deseribed in Lone Island found and Furzseds Daw, These samples
- . &

.
> -y . * [y - * Y = -
differsd frox the mome estuarine Arpelisca communities in the donmirance of
oA 2ressizi.  Ghis, sp2ciss 2% onodriiv chorceterIgtie oF e R ol NI R S
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this arca is soft and muddy the clay ceat

o S A L I TR R
Sta. 9 thisz study). Eppavently
*w

e

out here to support a dominant

not enough ovrgar

13

velocity is adaguate to bring food

- find purchzse in the soft sedinent

da

or are buried in thz sedirout,

»

the fariliar eonemones, Tunicates, a2n

ﬁf@ﬁ hgvd battens, ~
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_sandy silt at the mouth of

The biv 1v¢s Psiﬁrtn dor:a1ls,
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(Pratt, 1957
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dump site.

'y £ at.

A couwplete a@nalysis of the

probably rgvea1 a patchwork of

ed on silty-sand ofl:

zuna of Shod

1l

islanéd Scunéd woulid

he

specles associations a2

Such azn anelysis would be a formi-

hydrogra;hic and sedirasy tery conditions.

_dable task becguse of the tise v

. I"‘

i

s Ay g ; H : az [ e, Y
IUDLE e SDOICLeS 1IN TN NIy SThidLeS



- - - - - . E - '---- By 3
dunaling was convinuing cucln

[£]
b
t—e
o
&
%]
-
o
Ly
‘ﬁ
&
O
<
i
-J
Q..
Y
HE
-
[0
Lo/l
3]
(¥
ju

2 x
populaticens arg found away Ifron

of “ine of exposure or.of dis-

tance from the cente» of duping activity.

The sauples from these stations {211 into {three genaral categories eon

The botton at staticas 2-) exd £-3 cousisted of coarse sand andé shell.
The nuibars of individuals and species racovered from these statlons were
only 27/5 and 23/1 The speceles appearing in these sziples had tuwo appzren

L4 v
gr;onrcas. Those probzbly, introduced uwith the spoil ineluded U, incisa,

e

M. lateralis,-.znd . {rivittatus. Unclola irrerata end four other amphiped
. - 1
species and Sthenslais Yimieplz, a polychaete, are active Rhode Island
..Sound spzcies which prodohly entered this area as adults.,
Samples -2, 10-3, 10-1, 10-2 and 1l1-2 werzs all taken cn nmixed szand/
“silt/clay bottoms. The nusbers of indiviéuals_and species found were 131/1hL,
803/19, 15%/14, 195/20, and 438/26. Tha fauna was of mixed ovi gin and
t."3'” ’ - \ .
F] A ]
includad:
1) Species entering with dredge spoil - . incise and H. lateralis
2) Species enterinz &s adu lts fiem adjzcent zress - Legptocheirus
- -~ .
" pinguis &n
- .
[d
3) Species % Pitar morrhusna; Phoronis
L% " . > -~ - -
-arch;tec sicn feslar); FPricnosorio
_ ] : .
malnars 2uvud, mnd HeTardmasius
’ filiforuis ing polrychastes prasent -as




volonizad spoil stztions
thura teruis, a2nd isopod.

Two speciles that were present

Lo

ahundance

he“e then in stations 1%-1 @nd -2 (257 znd 332 vemaus 6 and 17). Other
spacies which were more abundant on LHc neuwly colonized spoil than e
natural bottomws included: o )
Lupﬁcv incisa - depos fccéLnﬂ polych
et e e =t - F ol
Eteons lenga ' dapOSit feeding polychante
* sebellaric spp suspension feaeding polychacte
. Phloe minuta ’ dcposit feeding polychacte
. Prionosnio maligreni deposit feeding polychacis
Sp1su1a sol dissima suspensian fecding bivalve
e; Echiurus pallasii depOalt fecding echiurid worm
AT s . .y
’ Phoronis architecta . suspansian ;eud’n" worm-like

Jophophmerata cozlomate

*

at stations 14-1 and Jt-2 but absent in the

- * P S -
Crchomalle pinguis, &n swmphipod, and Piilan-
- -
- -



d-:-.,'- d iTes
el =

- POS— - | -3 .
lﬁC' 223 4 QASTCIDOU, LLTZAariiy

]
o]
o
b
Q.‘.
o
o
+
brad
Q
[ n
i
(o]
[F]
1da
f""
w
P

survive leng at the dunp si
depositional environment even i
There seems %o be 1i
bentﬁic invcrtehrafes frﬁn iue speil
gfperménent Dcﬂulafzons'offshore.

-

('J
u
I

o
©

would hava colf_l
able,

Colonwz ‘tion of the spoll: Vhen a new sediment surface is formed by

spoil dumping, it is availezble for colonization by the adulis of motile
spe iés and by tha planktenic larves of both motile @nd sessile species.
The order in which species appzar on the spoil is a fwmction of their

e

motility and the extent to which they are attracted to, end can survive on,

-

-the new sediment surface. ST, T
Coioﬂizaticn nay involve che 2325 in specles representation throﬁgh
time as- the s;oii is mo dified by activities of the znimals. This primany
. Succession is well describod in térres*“'al plants. ¥aen bare groﬁnd is
L e of quick grewing plants ¢zveleps. This is followed

byqy '.--. o A T e - oty e A Ty e k vy vy =
0¥ a serits of other plant grouns, c¢ach modifying iha environmment In a
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high standing crop, and high diversity of spzceics.
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gave rise to a nax»d bottonm coazunity in

e

(18581), hewaver, feund no ovidance of succession in tha colonization of a

1 .

new harber in Socuthern California. Carwiker (1237) reviawed the ways in

V11301 (1558) reviewed the factors mediating settling. These included
texture of the surface, particle size, and the prescnesz of substances which

induce wmotaworphesis or have olfactory attvaction. Th2 prazsence of adulis

of the sane specles was frecusntly an attractive factor., A fresh spoil
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natural sedimznt, cr by ths przsence of less selective colonizers. - .

r

It is mor*b rhile to raview zomz of the studies th=t have been made of
, : ‘ :




o Yyrme s Y. Yoo MY
Jower Chasepeoake Bay I,

chaotes vere co mnivars of ¢

fro.': bo*"n environnsnts

In a study of a novwly

. -

# bottom was colonized by
- ~ *
- erds, Fricancselio, Soion&a:c

_"

o5)
L1

s iil

no evidence of a scquencs of

- A report by Howell end

studied the cffect of china

EA

oy
)

[
!

e
e S
;

lis

=nnael.

r period.

To}

PONESLE

Y
=

Iz

2ad in 1 1/2 yeers.

L4

Biv

zoil banks

ise (1"93) ‘0'.1.1(1 4

ne
1 3y

ey s R g - 3 - - > ~ -

feeding polyvchastes of tha genera

arvx, Conitita, and Dorvillca. T
e o e e s i oy — et " — ——

. ) "

the @rea. The-pr

species colenizing

spocies were dominant duwing the

en
tea (18
wiste

gravel bottom of a bay in England.

;L.

re V&s
cipzl




: r) 13
) - ) [U]
] ' o 13 o
I} .o 4} o phy s i
o b 5 2 o Y ]
sl O] L o) . ey o 4] g bt L "}
v A Ut O I v o vl _— [ L] " - Y
il 2 o = ] o R o " u o e 0 i 12
p 4 P, o " ,._u._ 4 .nm. i o 1) [ 9 Y “ A g
o] nl [a] LE ._3 0 p 0 o ol ® o0 e W P ) Ry J
Gt e [ a1 H ..w s R 0 9y i o & o
D5 a P 2 ) p o 01 = a goH e v T
P - < ey - -~ iy s e L o . " - .
_,.“-_ A rﬂ £ ~1 - L 9 O .C ¢ A ..m m . .._n_,.‘.r a " i
ol 4+ oi? [ 42 .a i i - ..uw .,nw ~....\". a i 3 & @ Y o
5 S ¢ Z a0 % % ¢ 9 B 2 I T
: & 8 : -. y - (RN F3
‘.a.'w -fw. " Q S fin] Cle (4% (<P Eeh ©, 1+ w.uu o @ o __..m r.m
- - ¢ 5 . [1}] )
i - < a AL S S o B g g & 85 5 o
Wb AR 5 04 a4 E 8 5 ~ T B
I n..._ BN e * e .~ - - i - ”... bt -
i & u...n ot o s.u_ .M.._ 1& .M.\ ..% % .._%_ % [ | ) [ 4N r~t A W
b + it 3 5 g ) G Y Q) o | i wq [74] A w bl
% @ W A A A R A At A 2 LS B B
i mw, o] P - -t - - ot 2 :.w H 0 v 5 P
* ' + 1] L] r I .
2 & a & ol oot - b - J.T.ﬂ ..ﬁ-..“ .M.-" m".“ A3 ant s < i
AR w2 m e w ho B a m W [T N A
a S B g 8.8 8 8 8 8 8§ . b SR I F A
£ v ¢ 9.9 2 8.8 & p o g 2 g 1 -
© % & © o & & & & & o B “i gt w
] v n ¥ . w0 . o
) i n e K" < o < v ] "J. M w n ~ ._uw 2 o 5
PSR 1 T D e 7 S = BN T I
Lo 2 F o0 ot 0 = e W el
ol > £ ! £ sl o Y
e C W % * \_ _ M = Q (%] & [ 1i ~t
S Yoo o U ed 2, 't o
e B [ . . J o > S .
i’ Y e e By o] . 3 [T L " (54} ~! i £
. o~ ' &y _M“ i O. .U ..“._ @ 8] vy
ey 1l -~ L on.q , .ﬂn.b - & )it -
i M I oy e 4 e v U4 W Sy
W) [ - I e ® 0 N = v, o 1]
ot = el < o o B 53 o P o .
" I 2 o - @ g0 8 Geo@
0 rel & \.hd 4] A 2 - & g > 5 o @
] ﬁ.N e i - u cm - .a.u~ .ﬂ\- LH ari Y [t} wn Q\W
o 0, 3 o ot " . s & J o i1 4] [ !
0 3 V] I, - L) o O .“a o i i i o
R R voon 8 ' . o Uy ¢ 8. 0 B @
b e ~} . b aed o Py 0o .c ol Ko ~-i et ¥l
Y s - (v Q ) eo. . . a S o T o o e a,
33 ] o) i I Dl 73 n ‘1 a & o 5 i 3
v, o Q o} o — ~ o G - g < <« o S 5 y @
G by — B e & et = i S_ = © - oA ] Qo > = ¢
1 o] in LA '] -n.‘_ .M-.. .h.." -m.v, -ﬂ* - & Y ! O o @ 0 [
p 9 a4 o BB S8 el G = @ .0 o 5 oa w4
’ s kS ) ] i ( - N ~ . ", v &
r Al o4 Q | i .n-.w i uw i ~ o_.wo .M.-— "3 Q M.u- .n —._huv‘ o fns ¢4 M.._ .
A Woowoow @ T i - TR T« B 1 G A0 T
G R A R T : MER-A E D - T v oo g R LR
O - . wEOE] B R S~ B B w & # &4 o0 ¢ 9
o v a8 9 no# 8 aloa =1 = p S B g ® 9 & a9 o
sel 2 O o ot ~ a: &l 4 49 2 E - @ 4 Q 1 W e 0
=R A S T R o 26 -~ 3 @ 5 o @ 43 S T L
apmt on 1) [#] [t Q ] R Ly n e mf o - o i~ O - i)
- % & G . Lol BT B b i J D Qe A O P B @
s =R R £ — 4 ]
~ i = o~ W b . _<.: . O ) [77)
o N .T_ T 3 Y 2 £ : m .m m m ad 2 4}
o g = . . . . nm.. O. & Y . o 9
[y o - r b 4 & o e - H.\J 4 A,
<y LR ..,m g = - . , c 5 = -~ 1.“ )
[ - . .. -- @ - - )
<X n % ¢8 8 o g A 8 3 3 £
- el [ il m.c el ] ye M o < 2 e 3
St faa) [#] = = b ad R . .
Y & ri J s
\
1 b £ :



2. ey “n JE T A N e . PO
the spoil was atiractive Yo setiling lawvae, : -

< -, - Y N
fehy heloanyed o

Y P . ot - = -, -y i S, - E - o] -
Sevaral polyshacte zpacies weves found on the sioll w

N LY
Y- Th v o - - WL .- .y e 1 ot N
geridaz), Thary acutus, and Yiives nizrives (Luibrineridaz):

Fh
At}
I
SJ
[0}
by
W
s
o
T
[

Colcnizing sozcies which werse panbars of the sandy silt
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Islend Sound szmpled et staticon'9 included the polychzeotes C. -orqqud, P.

af;€ni~, and M. pigripssy a divalve, Pitar porrhuconz, srnd & suall ‘sabellawd

e —— -

polychacte, The wrzlaticnship petwesn this fauna znd the spoil fauna wes
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slight, however. Dcainant soft botton species which were rere or abssnt on
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Perinloma ngﬁjﬂ»Lﬁun, a“d E:st:iclobr:échus pilulapis, e ‘
Several spacies of spall polychastes which wers pressent in the natuval
:F}mphipcd colonieg-wer; gb>undant on tha spoii; these in?luéa P, malmsrand
" una T. zcutus, mentioned previously, and Dicone lénga, “holos minuta, Heter-
= . : "“ T -
omastus Filiformis, -and Heroothos extenuata. The colonization of the spoil
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by these rather than by siliy botticm species may be due to the shundance of

their larvae in the water over the spoil site, It is possible, how=wef, that

these polychaetes show less substrzte selection and are less specialized

znd faster growing than soft botton species and thus are betier adapted to
- , . - "~

colonize the now bottonm. '
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Ampelisca eazzssizi colenies were found only near the edge of the spoil

dunp. Thelr dansity a2t stations 11-1 end 11-2 was zhou? 1/t that in the
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natural community at stetions 1i-1 end 1h-2. This indicated that.the
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spoil is zn ‘zceeptadble substirate for juvenile amchipods, but that several
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~ars mignt be necessary before a dense coleny is established. A, 2Fassizi
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within a year colonizaztion takes place by undant, non-selective larvae of
oppor-tunistic spacies. There gre Indicutions that colenizabtion by more

ance. A seriss of yearly surveys fellou-

srozress of this colenization, -

“A ecemaunity with a2 large nurber of species can bo assunzd to have cecupied

a steble envirdnment cver & long time (Sanders, 126893 Slobedkin and Seandsrs,

-

1889). Kezsures of divepsity based on inforuation thaory teke into account
- o -
both species richness and the evenness or equitability of the distribution

of indivicduals emonz species (Patten, 1262). Stable envircarents are expected

to have not only a large nuxber of spacies, but also wany woderately &un-

efficisnt use of
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dant spﬁcves. Each species would be a sp
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some resource. The degrez o biolo ical ac con:odat“cq would be high.

“In environments whers animals ar¢ sirsssed by natural va riatiocn in
temperature cr salinity or by pollutents, the number of spacies is low but
‘he do“lﬁ aat spocies are suteradundant. These “opportunist" species are

ontrelled by the physiczl) elemznts ¢f the envircnnment rather than the
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Erillouin's formula for {(he Infewnaticen in bits per individual,
s
- 134 T s - . RN ST DU~ 4 3
H = (1/1)CQogiil - Z nit), #s the apprepriate inden for describing 2 single

collectica, Pfitenmeyew (1970) used this index in a stydy. of Chesapoke
* »
Bay speil dumping. Several benthic ecolozists (Phslps, 1954; boesch, 19703

Lie, 19858) have used the Shitinen end Yoeaver formula which gives en estina

study to fzcilitate compuariscn with the thres studies wentionzd.

-

Boeseh (L970) gives a sumnmary of the valus of wmacrghenthic diversity

indexes caloulated for samples from a varlety-of sources. H' valuss of

ey

L-5 are found on the outer continental shelf end slepe and in steble, cool

”n

Puget Scund. H' valuzs near 3 seem typieal of shallew shelf and unpolluted

estuaries. H' values between ) and 2 are found in the brackish parts o

L]

. estuarics and in polluted avces. . -
Even the wost stable and diverss coumunitics do not have spescies

abundances &pproaching eqguality. Thers ave always a few dominant species

herz has been speculation

.n . . .

that. the disiribution of individuvals among species in an undisturbed

coumunity conforms to ceriain statisticzl eistribuiions. Macirthur (1£50)

.

suggested that a %Whitvworth distribution will resuli-ivon division of

.

resourcas awong spacies with noneverlaping fequirestents. Preston (1882)

-

showed that this expectation saened to fit collections of territorizl species,
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moderate (2,20, 2.43, 2,61,°1.78) becausz of the
of thz species. These samplzs do not reprasen
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crustvacea, 60% amphiped erustacea, and 3% Leptoch:irus pinguls,
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amphipod, Uneiola iryorala made up 8% of the food consumed

vally. The

G

recolonization of the spoil-area by amphipods, zad in particud

73 different specics of benthic invertebrates. On nmudly

L

wchaetes

made up a large proporticn of their diet, . The only other fish th

found to cat a high properticd of polychastes was scup (Sto

. The storach contents of flounders caught.on nuddy do

b
.

dunp site were cxanined. The major food items found were the p

Pherusa effinis, Glycera so., and Nevhiys incisa znd the anen

Cerianthus emoricsnus. It is concluded that if a muddy bot

om fauna were to

develop on tha spoil, flounder aad scup would be best able to take advantage

of it. Flounders zppaar to feed on the larges

amphizpods. Large awphipods and large N. incilsa are alrsa

2s of the spoil area, but it nay be some time before ot

t availeble polychzetss and
found on the

her poly

’ »
cor C. zmericanus czn colenize tha spoil and grow to full size.
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in Providence Hardoxr., Alihough low oiygen seoilz
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& to be %



2)

8)

4)

 5)

Y

8)

v
s

t
'

that these spoil surface

‘bottom assendlage.

to ascvubn this abs°1c=

e B T . : 3 .- - ’." - a3 b Syt
Over thinty benthlc snazcioes ware found in ihe dower Trovidiancs
- . -
. .
L o TS e - P R 3 - O | T oA g T -4
Fiver. Tnhese incicented o owreliatlvoldy Xow deval of oonzutlon in
. -
%y = an dn Falt e b -
that part of the spoll souree &rea, )
.
.
C_; Q:n-\ﬂ"l e v greve e T <% - c-wf:'] 3. .- [ e 0] * b A 1}(‘.\ ‘el
felel (33 SU30ios waerztIIocunce on 113 SRpOLA CUR WaiLa DAds aeeh
.. ~
I . LR 'y h - -, 5%
treusported frem the dvzdge area. The only ehundant transported

was’ llephivs inclsza, o polychnete otcurring there naturally.
Tre natural Taunal asserblzgze on sandy sedinents In the spoll

L4 4+
dwirp erea was dominaited by Aupalisca arassizi, a {ube building
amphiped crustacean. Deanse mats of Anpelisez tudes doternined

.ed by subdeminant |
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species. ' a ' - .

—
tuch of ke szo 01l was recently dumped 2nd had few animals on it.
Ld " -

PO"ever, ceme surfaces which had be

W

betusen cne and. thrae years yieldad large numders of species (up

to 53 per 1/20 HQ .seuple). znimals
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" The establishasnt of a dredpe
Sownid is an cxeuple of the gencral
exploitation, In the recent past ¢
sludge were cumped iato Mo rngaasct

ageacies, responding to the public
rescryc* for focd produc ti aird reey
unhezlthy and uvasightly empleitatio
time that the Qolumg of materials ¢t

have been pl
and the use of estuarine vaters for

va aters m d ‘sea floor are HOW being

disposzl, inciner ation, heat discl
- - »
coupeting with the traditionzl uscs
types of fishing,
. *

thile various federal ageacies

cerning ocean cumping, and

asgign portiens of the sea floor fo
»

wced on open burening on la

SO DUWY SLTE LREA

gpoil dumping zrouad in Lhede Island

phencmiendn of a shifting zone of

redge spoil, solid waste, and scuwage
-.'b

t Tay. Severzl state reagulatory

view thot Narragansett Bay should be
reation, noew cosporate to prevent

a of estuarine waters, At the same

o bé dispocsed of increases, coastraints

-

ad, quarrying
W ¢.'il z i ]
‘pover plent cooling

e

used ox .being coasidered fo use in
warge, mining, "zad oil produection; all

of rccreation, navigation, zand various
1

L4
have limited regulatory powers con-
navigation, none has the power to
r specific uses. This division among

”, -.. : -~ .
Y." users is-often a function of who gets th“TL first and vho can defend their
. - L
clainm most stro aly. . - -
. Before any agency can rationally a110c 1te sea floor avreas it will be
® mnecesszary to know the location of all resources presently being utilized
cand those vhich may be used in the fut urc. A lack of specific khnowledge
_ concerning the location of Rhode Island Sound fishery resources made the
’ choicea oi 2 dump site for the Providence River spoil diffjcult. Lecal
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the alternate dunp site in 1967 causcd considerable problems. It is

arca vhile the second and third (Talternate site™

wvexe near important trauling arcas,

-

fishing zare carried cn in

Several contrasting t““?S of cc:rc ceial

Riede Island Sound. Each hgs its own area and gear aad has boen affected.

¥
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Fl“U“e 49 shows the goncral location of traw 1in s grounds fer bottom

fish in neer shore Rhede Island Sound. De2posits of cobbles and boulcers

‘along the paths of forir glscial moraines restrict trawlers to well

1t in such an area may

dcefined are as. A single "°r0““ dumn" of soft s

o

close it for yeesrs: the otter boards or "doors"™ of the trawls cen dig in

and anchor the nst .to the bottom., Inacurate dusping in the channel neer

reported that this matcerial is preseatly either spread out or compacted
enough so that gear is no longer caught. One fisherman reported that the
. _ .

spoil was better able to support trawling in the winter than in the summer.

s agrees with R.L. McHaster's (1967) obscrvations of sediment compaction

. - 4
and dilatence, L

The present dump site is'oA trawling zrounds cf secondary importance.
The.area avé%lable for trawling is small and surrcuaded.by patches of
rocﬁy bottom. It is, howaver, one of only two areas available to small
day-tozts from Newport. Larocv boats from Point Judith fish here using

) L. M

vollers to keep the trowl free of the rocky bottom,

-
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are caught

(Clhpe“ hare

ot hard bottom to the ecast of the duvmd site, Sea herring

i L . : e iy o
reagus) are caught to the west. Sculpin (ivoxoczphalus sonl),

cel pout (izcroxoarces emericanus), skate (Raja sv3,), and goosefish

——r——t.

s

mikicanus) are taken as industrial or “trash fizh"

(Lophius ax

In the

hard boite

hake (Uroxn

¢ spriag and SURMAT scup (Stenotemus chrvsons) is caught en

@ to the northeast' vhile vhiting (Merluceivs bilinearis), and
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“Butterfish
in €0 {cot
Thoug

E?/¥ arca for t

vhere thc

Four

-on the 12p.
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This fishe
hypothesiz

higher ouy

etivities, Natural variations in abundanc

nveis chusg) are caught on soft bottom to the northwest,

(Poronotusg triacsnthus) is taken in susmer and £z211 northeast

-

depths,

h there has been a general 1ac of butbcth; and scup in this

he last three years, it is not possible to ascyibe this to spoil

are censidered a wore

<
L]

s

explaniation: Catches of cod and flounder southeast of the duny
remained excellent, augmented by large catches of cod in areas

fish h d been attracted by quehog dredging.

fish trap arecas assigned by the State of Rhode Island are shown

‘Here expensive fixed nets are set up to catch scup, butter-

“

ish, wrackere 1 (Scc her scombrus), ced, and menhaden (Brevoortia tyrannus).

ry'has been extremely poor for the last threa years. It can be

ed that surface feeding fish like mackerel and menhaden 'with

. * *

gen uflllzatloh, more mobility, znd more visual acuity than

botten fish would be sznsitive te water quzlity and zectively avoid turbid

p— zater aro

; and thosc

uvad the dump site. lHowever,, observaticos made during this study

~

any increasg in

[¢]
poe
w

of fishermen do not suggest that ther
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This turbidity is

rather than moving

frequeney of storiis

‘and spring this is probably ot

high

" southeast,

“tow boat operators to avoid this arca

producing ground swoll end ou the pattern of winter fishing are necessary
to assess the actual losses which ialght be inecurred.

. There is a leng-line hook for cod during the winter
= - o

affcctcd Ly spoil dlSpO sal.

ied on throughout this

t
e
77]

Lobster fishing with strings of p

cary

area during Uhe warm months, Large arcas on or ncar rovgh bottom have

denegiti A knowledgeble ii herm

es of pot s. 2n who had bean lobstering

in the Cump site area for eight yecars has continuved to fish close to

.

the spoil area. He has placed pots within the dump limits on the south,

and east and has asled the project managers and the

if possible. He reported that pots

. . . L . . -

« ; ¢lose to the dump zore-often come up with a 'k

-

clay on them, yet may ha we, 2 good to evccllent catch per pot.

search of food, and thus are 1i Ic;y to d:sco /er a trap. This fisherman
. ‘ :
reported that scz tass (Ceutrorristen striatus), o valuable food Zish, wes

*

inch layer of grey sile-

He suggested

that lobsters may be c.t:l:ractcd to this soft bottom,to bury for the winter
© It seems more 11 nl}, noreaer, that lobstexs valch entey this arvea during
naturaf inshore-offshora movenents econtinue to move zeregss the bottom in
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caught in pols ¢losr to fhe dvan aiba J;;ubzu Freguonitly chan oelsawior.,
While a fow other lobstermen experimeated with fishing close to the spoil
most aveoided the area for [car of 10".or polluted catches and loss of gear
by burial or by cutiing of buoys by tow liues. -,

the dvop site is leccatcd near the center of a discrete patch of

- . ) .
mahogany, black or ecean qushogs (fretica islandica ) (*ig. 50). Although
. . 1 U ) -
the location of this has been known for over twemty years, Arctice weas not

being utilized at tne time that the dump ves estezblished., At least four

boals were dredging for Arctica in this arca during the study period,

e e

niles offshore, The boats freguently operated angar the Loundries of thae
spoil area, - = . . ' .
- -
Dead Arctica have been roconer;ﬂ by theose bo ts at several lecations

(Fig. 50). 1In each case 59011 sedinents vove recognized., The animals

near the dump site probably had been buried by sQOLI dumpad near the site

- perimecter and by sediments ‘thh were susp ended mbrlﬁu dwping and f{lowed
beyond the designated disposal areca, The dead #nimals in the area south-
we;t of the dump site were probably buried by spoil dumped in avea "A"
1{.35 = * . . ". . . 8
durln“ the 20 day vor;od that it was used in 1987, .

The limited ability of ATCLlca to meva thraugh sedxrvht (Schafer,

1862) ray make them particularly vunerable to deach by burial. It will

L - -

> - ’ L]
be important to dacermzne xhotner dezths cza be cauvced only by gross burial
- ) .
or by relatively thin 1ayers of trancported sediment (1-4 cm) as well,

In e0ﬁclvsloq it is clear thzat there is no svch thingz as vautilized

<oy

i
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»
H

of tiyls avea azvee t

'J'l

. ., .. - r N - -
cre wataers, Most usor

sea botton in those ias

I
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future ‘dunping should be on the existing itc mmless a new site can be
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Depth ' : Loss on Pariticle

(Feet) Visual Deserintion

Clcan yellqw sand . - o
90  Clean yellow sand 1.0 - 0.25

«  Tutas on'elive/yellow sand 1.5 _ 0.21

_ [ Grey/tleck éilt, B .- -
‘106 'L.surface oxidized, 4,0 0.056

fine watw tubes 4.0 0.Ca

e R ’——T

Ceoarse groy sand/shells 0.6 - + 0,350

96 znd/silt/soft clay 3.0 . . 0.0%2

Cocrse grey sand/shells - . -

Ignitien() Size {im)

Sorting

Coelflicic:
PR AN N

-

1.30

1.39

———— - ————— - P - L T T T g P

1.13

1.27

1 2.97

———r—— ——— —
o "
T

’_Sqnd/silt/éléy, 3.7 ¢.030

3.6 0.035

| varved sandy clay ' 3.0 ' 0.042

2.83

B R o e e Lo T L U P P P T

Silt/dense clay, tubes - -
98 Silt/browa clay _ 3.4 0.25

Silt/petbles/elay, tubes 2.8 ¢.15

V-1, e f Olive sand 2.2 - 70.13 1.54
(LR 160 . ) A . . T :
15-2 o Lrnany emphi pod tubes " 2.0 ' 0.10 1.49
,"-/ .
i :.
~_/l l \
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R - Trend Syrfas T O
SLIEHLIA D CTENG SUNIATE ARALYSIS .
. .
‘\‘—r/ - . o= O . . - -
H e s i L N (g s, P PR VP A [N
; FoonuUss O TS Wide Louoniial uin in oTot CLOCMEnTTLIATL

- L Yn P TR S . s P B - . pn

oaeribe nutericzl surfaca techninuas end contour plotting as used in
» - . w e TR -y - P -— = ;
1hiz report. A procedure knewa as trend sunfacze gnalysis, pravicusly

- - » — ] = * . . - - LR - - » » ——— ——
veilized in goological siudies, has been utilized., The spacific nrogran

T N

. - s e Al - st me o Fee s

madliied For use on the University of Rhode Tsland's IEN 280/50 systoen
Yy e ~ 3 P . : . - L2 =
was Qescribed in detall by O'Leary, Lizpzrt aznd Stitz (1963). :
+ . . 5 - g - - . s e 4
In the above menticnad progren, ‘fCﬁd surface znalysis is carried

P_(X,7),P (5.,?),? (8,7),. 0.2, (X,7)

23/_ of orthogonzl pu‘“*o iels, the polyncnials have(the following relationsh
7 ’ 11 - . ‘ . ‘ .
- - -
_ P (X.,Yi) Ps(xi’Yi) = 0, vhere v ¥ s §
- i: l
. _ .

- In other wonrds, with r not egual to s, the sum of the products of the
orthogonal noly“0ﬂ1ﬂls Jn X and Y is zevo. The theery of orthegonal
po’ynOW\al tec“ iﬂua is zdvantageous in thls case because of: a) faster

PR : o ratal, s

.PHLG“ SOlLLlOﬁ, and b} greater Flexibility in choice of po Jqomlal
TR :

“teras.. It should be appriciated that *He proacﬁura is used to describe

écminant featurzs of surfacsos.

’ *
Sample 1oca ions ean be defined by two orthogezal geographic co-

ach ULV 5t s prd Y fom o yn -
catn U,V locaticn with heights prapoe: tienal fo the guantitotive valug of
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